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PREFACE. 



The facts disclosed hy researches in the strata that constitute the 
crust of the globe, and the insight they afford into the condition of the 
earth long antecedent to the creation of man, have rendered geology 
one of the most interesting branches of human knowliBdge. 

Scarcely more than half a century has passed since attention was 
first directed to the various kinds of rocks that present themselves in 
different parts of the world, until which time nothing was known of 
the structure of the earth beneath the surface. The author's fiither, 
the late Mr. Bobert Bakewell, was among the earliest of those who 
cultivated the science in England ; and his " Introduction to Geology," 
published in 1814, was the first comprehensive work on the subject in 
this country. That work, in its progressive stages of development 
through five editions, formed the groundwork of knowledge to most of 
the eminent geologists of the present day, and it was for many years 
generally consulted as the best guide to the rocks and strata^ and to 
the structure and condition of former worlds. Numerous intelligent 
and active investigators have since entered the field, and by their 
labours and their writings have greatly extended our acquaintance with 
the structure of the earth, and with the characters of its fossil organic 
remains. Only a few of those works, however, are adapted for the 
student of geological science ; sometfbf them having been written with 
a view to establish peculiar theories, others being limited in their scope 
to the examination of certain classes of rocks, and nearly all of them 
being published at prices which restrict their general circulation. 

It has been the author's object in this work to give such a compre- 
hensive and full description of former worlds, their structure, condition, 
and inhabitants, as wiU be sufficiently satisfactory to the general 
student ; and, at the same time, form the foundation for future inves- 
tigations to those who desire to enter farther into this highly interesting 
field of inquiry. 

Since much of the interest that attaches to the study of geology is 
derived from speculations into the causes that have produced the 



VI PREFACE. 

Tarious phenomena which an examination of rooks and strata discloses, 
the theories propounded to account for them have been stated, and 
the arguments by which they are supported have been considered. 
In treating this branch of the subject, however, it has been the author's 
endeavour to present the views of geologists, when they differ, in 
an impartial manner ; and, by stating generally the arguments for and 
against proposed hypotheses, to allow the reader to judge whether or 
not the conclusions arrived at are sufficiently satisfactory. 

Some variation from the usual classification of rock formations has 
been made, with a view to simplify the arrangement ; and the nomen- 
clature recently introduced by some geologists has been sparingly used, 
as extended investigations show that many of the terms are inappro- 
priate, and tend to mystify or mislead. 

Among the works principally consulted in writing the present 
volume, are- 
Sir Charles Lyell's " Principles of Greology;" 

" Manual of Geology ;" 

Sir H. Delabeche's " Geological Observer ;" 

" Transactions and Proceedings of the Geological Society ;" 

'^E/Cports of the British Association for the Advancement of 

Science ;" 
" Encyclopaedia Britannica;" "| Articles— "Mineralogy" and " Geology," 
" Encyclopaedia Metropolitana ;" J by Professor Phillips ; 

Dr Buckland's " Bridgewater Treatise ;" 

Dr. Mantell's " Wonders of Geology ;" 

Professor Owen's " British Fossil Mammals ;" 

Professor Ansted's " Greology /' 

" Memoirs of the Greological Sunjey of Great Britain ;" 

Mr. R Bakewell's " Introduction to Geology." 

6, Haverstock Terrace, Hampstead. 
May, 1854. 



INTRODUCTION. 



The term, Geology, is derived from two Greek words that signify 
a discourse or disquisition on the earth; a discourse, however, not 
confined to the external hce of things. The science of Geology is 
specially directed to the investigation of the earth beneath its surfexje, 
as h,T down as human skill and intelligence have been enabled to 
penetrate. Though in some respects connected with physical geography 
— since both branches of knowledge relate to mountains and valleys, 
the diversities of land and water, the effects of climate, and the actions 
of rivers, torrents, and tempests — ^yet these features and phenomena, 
which constitute essential points in physical geography, are only inci- 
dental aids and illustrations in the investigations of the geological 
inquirer. Whilst the physical geographer examines the extent and 
heights of mountain ranges, the forests, seas, and water-courses, and 
the influence of soil and climate on the products of vegetation, and on 
animal life, the geologist strips the covering off the surface, explores 
the rocks below, examines their structure and relative ages, developes 
the proximate causes of the elevations of the land, opens the monuments 
of past ages of existence, and reveals the history of former worlds, 
inhabited by races of beings that have successively become extinct, but 
whose remains are entombed in the solid rocks, that serve to perpetuate 
for ever the knowledge that they once lived and flourished. 

In these researches the geologist becomes the physical geographer 
of former worlds. He marks where seas and fresh-water lakes once 
covered the land, where rivers fertilized the soil, where extensive forests 
flourished, and he is enabled to trace the changes and influences of 
climate. The prints of footsteps, and the ripples of the water on the 
now indurated sand, serve to point out the shore left bare by the receding 
tide ; and even the impressions of rain-drops are preserved to show that 
then, as now, the clouds showered down upon the earth. 

These interesting revelations of the past history of the world, are 
found within a space which, compared with the diameter of the globe, 
is insigniflcantly smalL The total depth of rock formations of which 
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tlie geologist can obtain a survey does not exceed five miles^ from the 
foundation of granite to the diluvial deposits on the surface. This 
limited sphere of observation extends little more than the two- 
thousandth part of the earth's diameter, 
and it is amply represented by the 
space occupied by the boundary line, 
a, b, of the arc of the circle in the 
accompanying diagram. When, there- 
fore, we contemplate the mighty changes 
that have taken place on and beneath 
the surface, and when geologists speak 
of the upheaved mountains and receding 
oceans, a consideration of the small space 
in which such changes are effected will 
remove any doubts that may be enter- 
tained of the existence of powers with- 
in the mass of the globe capable to 
produce such effects on the compara- 
tively thin covering of rocks that com- 
prise the extent of man's cognizance. 
The highly interesting facta and 
speculations developed by, and founded on, investigation into the 
structure of the earth, are not the only results from the cultivation 
of geology. It has also an eminently practical bearing. In the opera- 
tions of mining, in agriculture, in the construction of railways, and 
other public works, in draining and in sinking for water, an acquaint- 
ance with the characters of the rocks beneath, and with the directions 
and positions of the strata, is of the greatest importance ; and as the 
employments, the habits, and the social condition of a people are greatly 
influenced by the geological character of the country, it is essential to 
know the means of applying these resources to the best advantage. 




GEOLOGY 



OB 



FOBMEB WOELDS; THEIB STEUCTUEE, CONDITION, 

AND INHABITANTS. 



CHAPTER L 

SUCCESSION OF BOCK FOBMATIOKS. 

Occurrence of different rocks in England: order of succession. — Stratification. — Eleva« 
tion of the strata, and its effects. — Axis of elevation. — ^Unconformable stratification. 
— Dislocations dT strata. — Different ages of rocks. — Organic remains : the applica- 
tion of them to determine the relative ages of strata. — Superposition of volcanic 
rocks. — ^Defective nomenclature of geology. — ^Tabular arrangement of rock forma- 
tions. 

When we turn over the vegetable mould that covers the land to the 
depths in some places^ of a few inches and in others of a few feet, we 
arrive at a sub-soil of a different kind, which is generally harder than 
the earth above it. In the neighbourhood of London the sub-soil is 
found to consist of stiff clay, in Hertfordshire it is loose sand, in 
Wiltshire it is chalk, and farther to the west we find sandstone, 
limestone, and various kinds of slate. If the examination be made 
towards the north, we find nearly a similar series of rocks, but we 
should have to travel much fiirther to arrive at the sandstone and slate ; 
and beyond them, in the northern part of Scotland, would be found 
granite. 

After an extensive examination of this kind we should be able to 
determine the districts wherein these various sub-soils occur, and to 
point out the boundaries where the clay gives place to sand, the sand 
to chalk, and that again to the other rocks in succession. We should 
thus acquire a knowledge of the principal geological features of the 
island ; but by this superficial kind of examination alone we should not 
attain any information respecting the real conformation of the under- 
lying rocks, and we might be altogether in error regarding their relative 
positions. 

It might be supposed, for instance, that the different rocks met with 
have no traceable foundations, and that the clay, the chalk, and the 
sandstone extend to an indefinite depth, without having any relation in 
position to the adjoining rocks in the series. But if we extended our 
researches more deeply under the surfiu^e, we should in many places be 
able to penetrate through the sub-soil, and we should arrive at the 
next rock in the series within a much shorter space than if we were to 
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walk along tlie eurface of ihe land. In sinkiiig deep wells in the 
ndighboarhood of London, for exam^^, at Uie depth of about 250 feet, 
the Bame kind of Bands that ate to be seen on the sur&ce in Hertford- 
shire are found ; and on dnking about fifty feet deeper, chalk like that 
of Wiltshire and KpifcJk aod Kent is met with, l^e dtickness of the 
chalk bed under London is too great to be sunk tkrou^ by ordinary 
means ; but proceeding towards the west, afber traTelling some distance 
over the downs beyond Marlborough, a well might be aiink through the 
chalk, and tihen ihe same seiies of rocks would be found wMoh appear 
on the surface in the neighbourhood of Bath. 

By pnrsuing this course of investigation, and by examining the 
inclinations of ttie strata where they are exposed by precipitous eleva- 
tions, or by railway cuttings, it would be ascertained that the different 
rocks in the series lie upon one another, and that they are brought 
successively to the surface bf being indined upwards. This important 
geological iact was known to miners long before geology was recognized 
as a science ; exp«ience having tau^t them that they should find 
certain successions of strata as they descended. It was from such 
e^teriencea, confirmed by examination of the external diantcterB of the 
country, tliat Wca^ner, llie German geologist, arrived at the cooclnsiou 
that ^ di&reut rock fbrmatiotui axe deposited upon one anotiier in a 
soooeosive aeries ; and thia infereooe, from oompaxatively limited observa- 
tion, has been since confirmed by the most satis&ctory evidence. 

To account for this succession of rocks resting upon one anoth^, 
Werner suj^sed that all the materiala of which they are composed 
were originally held in suspension by the waters of the ocean, and that 
the whole surface of tte globe was submerged. The deposition, of the 
suspended solid matters, it was imagined, took place in the order of 
ttieir relative q>edfic gravities, and thus formed successive strata, over- 
lying each ot^^ bke the leaves of a hook ; the subsequent gradual 
subudence of the sea having left the dry land in its stratified condition. 
Though more extended observation has shown that this theory requires 
great modifications, yet tiie exten^ve agency of water in the formation 
of rocks b every where apparent ; and in all parts of Qie world, wi^ 
few exceptions, they preserve the same ordw of super-position. 

The annexed section (fig. 2) exhibits the positions in which the 
principal rock formations would present themselves over a range of 
countiy &om tbe mounttuns to the sea, when the strata hare not been 
disturbed : ' 

is.1 
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In this section, 1 represents the rock called granite, which is considered 
to be the foundation whereon all the others rest ; for it is never found 
lying upon any rock^ in a stratified form. The next in the series 
are gneiss^ mica slate, common slate, and limestone, all of which are 
evystalline. Then follow in succession sandstone, other limestones, the 
coal strata, chalk, sand, clays and diluvial depositions. 

The preceding arrangement presents what is termed ''conformable'* 
stratification, in which the positions and directions of all the series 
conform to those of the rocks whereon they rest. A traveller passing 
over such a district, from the lowest stratum at 6 towards the granite, 
might assume, if he were not aware of the direction of the strata or 
knew the order in which the rocks he would meet with usually occur^ 
that each one in succession rested on those he had passed, and on arriving 
at the granite he might infer that it was the uppermost rock of the 
whole series. It is evident, however, from the section, that such a 
conclusion would be directly contrary to the fact ; for the granite, though 
the highest in the range, is the rock on which all the others rest. 

Greologists generally agree in ascribing the cause of the lowest rock 
being thus brought to the top, to the uplifting bf the granite, generally 
when in a state of ftision, by the action of some internal force. That 
granite and the rocks associated with it have once been in a melted state 
is proved by their crystalline structure, and by other more direct indi- 
cations of igneous action ; and it is supposed that they were forced 
upwards when in that condition. We shall enter more ftdly into the 
causes of this and of other geological phenomena when the phenomena 
themselves have been described ; it is sufficient at present to notice that 
the general elevation of the strata is attributed to the agency of sub- 
terranean force; and admitting that cause to have operated, it satisfactorily 
accounts for finding the granite, which is the lowest rock, in the highest 
positions. 

There can be little doubt that if a well were sunk through the clay 
near London sufficiently deep, it would cut through every stratum that 
is met with in travelling from London to Wales, but the thickness of 
many of the strata is so great that we should probably have to penetrate 
to a depth of ten miles before the granite was reached, and such a depth, 
or any approach to it, is altogether unattainable ; for the deepest mine 
does not exceed lOCK) yards. If, therefore, it had not been for the 
trplifiing of the strata, we cotdd have become acquainted with but very 
few of the rocks that constitute the crust of the globe. It is conjectured 
also, that there may be rocks lying beneath granite which a more violent 
inteamal action than any which the crust of the globe has yet experienced 
might bring to the surface. 

In a continuous series of rock formations, when the stmta on both 
sides of the centre of elevation can be observed, the inclination is seen to 
be in opposite directions, as shown in the preceding section, where oa 
one side the strata incline upwards to the left, and on the other side 
towards the right. A traveller passing over such a country, would, after 
crossing the granite, come to the same kind of rocks he had before seen ; 
but they would then be in the reversed order, and inclined in opposite 
directions. 

The technical name given to such a centre of elevation is the 
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"anticlinal axis;" and it is aa important consideratioii in taking a geolo- 
gical survey of a country to ascertain the direction of such, lines of 
elevation, as they determine the inclination of the strata. 

It is customary to adduce, as a familiar illustration of the positions 
of Btratified roots, the overlying leaves of a book, when placed horizon- 
tidly or inclined ; but a much better notion of the positions and eleva- 
tions of strata may be gained by placing upon one anothCT several 
boards, variously painted and of various thicknesses. If four or five 
such boards, about nine inches loi^ and tax inches wide, be laid upon, 
one another on the table, they wiB represent the undisturbed strata 
disposed horizontally, of which only the uppermost can be seen by pass- 
ing over the horizontal surface. If the lowest board be then nused at 
one end, the upper ones will slide down and the edge of the lowest 
board will be exposed to view at the top, as repreeented in the diagram. 

flK.3, 




In this illustration, the board marked 5 may represent the clay near the 
surface, 4 the chalk, 3 the coal strata, 2 the slate ibrmations, and 1 the 
granite. 

If ^ the rock formations presented themselves in the same order and 
with the r^pilarity shown in the diagram, the study of geology would 
be very easy, AH the student would have to do would be to acquire 
a knowledge of the appearance md structure of each, and the order in 
which they occur; and he would be able, under any circumstances, to 
ascertain his exact geological position, and the succeaaion and inclina- 
tion of the strata observed in any direction around him. , But though 
a general correspondence is muntained in the character and succession 
of rocks in all parts of the world, so that when the same kinds of strata 
are found their relative positions in the general arrangement may be 
predicted, yet in some countries whole classes of rocks are missing, 
and in others, rocks of different kinds are interposed. Neither must it 
be imagined, that the strata are generally inclined to one another in the 
same directions as represented in the diagram. So &r is that from being 
the case, that it b most usual to find all the strata above the coal, 
lying in what is termed m " unconformable" position, as shown in fig. 4, 
where ab e represent comparatively horizontal beds of sand, chalk, and 
clay resting upon the more vertical beds containing seams of coal. It 
may be readily inferred from such an arrangement of the superincum- 
bent strata, that they were deposited in those portions after the rocks 
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whereon they rest had been lifted up; Mid that the overlying beds i 
consequently of subsequent formation. 




The CO I r I y noticed, 

may be consiaereu aa me ibjbiwuub iii wiuui uie rwujj were originally 
deposited, or ■which they have assumed by the impnlse of forces acting 
eimultaneously upon all But agencies of more confined estent haye 
very fii^quently disturbed and contorted the original positions. Erup- 
tions of igneous matter have covered the tops of the loftiest mountains, 
and have dislocated or removed the solid strata ; the mechanical action 
of water has swept away entire beds of rocks ; deposits of rivers and 
of former lakes Iu.ve superposed local formations, distinct from the 
general system of stratification; and volcanoes and earthquakes have 
added to the disturbing causes which have disarranged the original 
conformations. These disturbances have created difficulties in the 
pursuit of geological investigations, and have afforded abundant scope 
for speculation to ingenious theorists. 

On viewing the structure jnd positions of the rocks that compose 
the genersl order of stratification, some nuurked distinctions are observ- 
able, which induced geologists, in the earlier stages of the science, to 
class them into three divisions of primary or primitive, secondary and 
tertiary formations. These divisions were founded on the supposed 
chronological order of their creation. The granite and other ciyBtaUine 
rocks associated with it, do not bear the marks of having been deposited 
from aqueous solution ; hence they were considered to be the firat rock 
formations, and obtained the name of primary. The stratified rooks 
resting upon them, including the chalk, were called the secondary 
formations ; and the upper sands, clays, and diluvial deposits received 
the name of tertiary. A subsequent distinction was made by dividing 
the secondary formation — the lower portion, resting on the crystalline 
rocks, being caUed the transitive series ; and the tertiary strata were 
also subdivided into tertiary and diluvial 

The opinions of geolc^ts, r^ajding the relative ages of the rocks, 
were founded on examination of tiieir structure, as well as on the order 
of their succession. Imbedded in the various strata were found the 
fossilized remains of plants md animals entirely distinct from any that 
now exist. These relics of a former world comprise fossil plants, sheila, 
fishes, reptiles, birds, and quadrupeds ; some of which are of monstrous 
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size, and most of ihem Tinlike any Hying species. On fnrther investiga- 
tion, it was ascertained that successive formations of strata contain their 
peculiar organic remains. Those in the lower rocks consist entirely of 
organized creations of the more simple kinds ; as the order of succession 
proceeds towards the surface, and is consequently more recent in date, 
plants and animals of more complicated organizations are imbedded; 
and in the tertiaiy and diluvial strata, the remains of quadrupeds that 
suckled their young are discovered ; and those of shell-fish and reptiles 
closely allied to^ and in some instances identical with, exisiing 
species. 

This progressive order of organization, commencing with the 
simplest and proceeding to the more complex development, as the strata 
approach more and more near to the surface, strongly supported the 
opinion of the progressive ages of the strata. As granite and its 
accompanying crystalline rocks present no traces of organic remains, 
they were assumed to have been formed before the world was fitted for 
the development of organized life ; and the name of primary seemed to 
be peculiarly fitted to that class of rocks. A few widdlynscattered 
remains in the upper slates and in the lower series of sandstone and 
limestone, induced the belief, that at the period of their formation, tl^ 
world was passing into a state calculated for the support of living beings; 
therefore the term " transiticni," was considered an appropriate designa- 
tion. When we ascend to the coal formation, we perceive evidence 
of the most profuse vegetation ; forests, trees, pines, and ferns having- 
then fiourished in sufficient abundance to form the beds of coal that 
now serve us for fuel. In the secondary formation are seen the fossil 
bones of aquatic creatures of prodigious size ; and in the uppermost of 
the tertiary beds are found the remains of the mammoth, the mastodon, 
and the m^iatherium, that have only just passed away £n>m the world, 
to give place to man and the trib^ of animals that are under his 
command. ^ 

Though the examination of the fossilized organic remains in the 
successive depositions of rocks confirmed the opinion of the progressive 
order of their creation, and thus sanctioned the adoption of a chronolo* 
gical nomenclature, it became evident that the division into four or five 
formations was altogether inadequate to express the number of distinct 
depositions on the primary rocks; and modem geologists have beeb 
inclined to reject the clarification by chronological order, especially 
since the discovery, in some rare instances, of granite resting upon o(»n- 
paratively recent rocks. 

The discovery of fossils, and their association with peculiar series- 
of strata, have thrown a new light on geological researches, by the 
means thus afforded of connecting one kind of rock with another in 
point of time, and of distinguishing two specimens of similar structare 
and appearance, by the different characters of their organic remains; 
The presence of organic remains also serves to determine in a decisive 
manner the character of the rocks in which they appear, and to disclose 
the recurrence of geological epochs that would otherwise have been 
vnknowiL Sometimes a stratum containing marine shells is found 
resting on beds impressed with remains of the stems and leaves of 
plants ; and these alternations of marine and land deposits are occasion- 
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ally tepeated eeveral times on ascending a moiuitamrrang& Hence 
the geologist infers that ike lofly eminence wli^neoin lie stancb was at 
one time submerged beneath the ocean; that after a series of years 
it became diy land ; that it was again submerged^ and was once more 
lifted above the water. 

The organic remains which thus give distinctive dbaracters to rocks, 
and reveal the epochs of their formation^ are abundantly diffused, and 
sometimes even constitute the entire mass of elevated mountains. The 
magnitude of these depositions shows that th^ must have required long 
periods of time for their accumulation ; and though no estimate can be 
made of the actual duration of these geological periods, yet such evidence 
as the alternating thick beds of organic remains afibrd, proves that 
countless aires must have elapsed between the formation of the crystalline 
rockB thatmrt. immediatel^n the granite, aad the deposition of the 
upper series of the tertiary strata. 

We have hitherto noticed only the arrangement of rocks as they 
appear in successive series, either resting conformably on each other, or 
deposited after the underlying strata l:^ve been elevated* In addition 
to these, however, there are igneous rocks that have been protruded 
through the crust of the globe at comparatively recent periods, and 
which rest on the uppermost of the general strata. These igneous 
rocks, the principal of which is basalt, are found in some places crowning 
the highest moxintains ; elsewhere they rise from the sea and from lofty 
precipices, of which the Giant's Causeway, on the northern coast of 
Ireland, is a well known instance. 

The regularly stratified rocks have been frequently dislocated by 
this protrusion of the molten basalt; and in the coal districts especially, 
the basaltic " dikes," as th^ are called, have forced themselves through 
the superincumbent strata, which they have upheaved and distorted to 
a great extent. 

No organic remains have been found in basalt, which resembles, in 
its component parts, some of the primary rocks that are associated with 
granite. From the circumstance diat it is sometimes protruded through 
jpranite, it seems not improbable that basalt forms the foundation on 
which granite rests; and though one of the most recent geological 
formations, it may be the oldest rock exposed on the surface of 
the earth. 

In the classification and nomenclature of the series of formations 
and strata, no generally approved system has yet been adopted. 
Though the original chronological order has been objected to, yet most 
English geologists retain the terms primary, secondary, and tertiary, as 
indicative of three principal geological epochs. These have been sub- 
divided into separate formations, some of which are named from the 
localities in which the strata are well developed, or &om the prominent 
rock oi which they are composed. It is to be wished that some con- 
sistent and intelligible system of nomenclature was established, as the 
study of geology is greatly impeded by varieties of senseless names 
that impart no idea of the character of the rocks; and frequently 
fencifhl, if not erroneous, views are disguised by terms derived £rom tfo 
Greek, and become accepted as authorised designations, without 
sufficient examination of their propriety. " It is greatly to be regretted 
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that a morbid desire to obtain celebrity, by iiiventing new nomenclatures, 
should so much prevail among the cultivators of natural science, Th^ 
author is of opinion, that a more simple arrangement of rocks might be 
made without any jnaterial change of the present names; and he is per-i 
suaded that such an arrangement will take place in a more advanced, 
state of the scienca"*' In the meantime, we must endeavour to make 
the best of the orders of arrangement and nomenclatures that are at 
present most generally received. In the following tabular arrangement, 
in a descending series from the surfece, many names wiU be found that 
have either no sufficient meaning, or tend to mislead and to mystify, 
They have been adopted in this instance in accordance with the practice 
in recent geological works ; but we shall only employ them when it is 
necessary to indicate to the geological student the names given to 
certain formations or series of strata ii^ other publications that h^ 
may consult. 

It must be borne in mind, that the thickness of the different strata 
refers to the points of their greatest development, and that in no part of 
Great BritaiA are all the successive strata to be found, and som^ of 
them are of very limited extent : 

ORDER OF SUCCESSION OF THE DIFFERENT GROUPS OF STRATA. 



Tebtia^t Fobmations. 



Jtecent 
Nomendatwe. 



Pleistocene, or Alluvium. 
Newer Pliocene. I Diluvium. 



Pliocene. 



Miocene, 



IBocene, 



Cretaceous 
system. 



Character a/nd Thickness. 

Superficial deposits, marine, and fresh- 
water, covering stratified rocks ; re- 
mains of quadrupeds, many of extinct 
species, 



UPPER TEBTIABT. 

f Abimdance of fossils of recent and exist- 
Norwich crag. -j ing species, including large mamma- 

L lisoi quadrupeds. Thickness, 30 feet. 



MIDDLE TEBTIABT. 



!Red crag. 
Coralline crag. 



( Londqn clay* 

i Sand. 

L Plastic clay. 



! Marine fossils, comprising several exist- 
ing species. 40 feet. 



LOWEB TEBTIABT. 



r Stiff days^ alternating with sands and 
-j gravel ; fossils oi tropical plants, piol- 
L lusca, and fishes. 600 feet. 



Secondabt Stbata. 
uppbb secondabt. 



f Chalk with flints. 
Chalk without flints. 
Upper green sand. 
Gault. 
Lower green sand. 



f Weald clay, 
Wealden group, -j Hastings sand. 

LlHirbeck sand. 



Fossils of zoophytes, mollusca, sponges, 
fishes, ammonites, echinites. Thick- 
ness, 1300 feet. 



"^ A local group of freshwater strata ; fossils 
V of plimts, frnits, freshwater shells, and 
J gigantic reptiles. 



* Introduction to Geology, by Robert Bakewell, fifth edition. 



SUCCESSION OF BOCK FORMATIONS. 



Recent 
Nomendatttre. 



MIDDLE SECONDABT. 



Oolitic system. 



f Portland stone. 

Portland sand. 

Kimmeridge day. 

Coral rag. 

Oxford clay, 

Gombrash. 

Forest marble. 

Bath oolite. 

Inferior oolite. 

Calcareous sand. 
^Lias limestone. 



Character and Thickness, 



Limestones, clays, and sands of different 
' structures; the limestones being gene- 
rally studded with egg-shaped parti- 
cles; numerous fossils ot gigantic 
marine reptiles. Thickness, 2500 
feet. 



rRedmarL 
Triassic system, -j Upper new red sandstone 

L and muschelkalk. 
Permian ( Magnesian limestone, 

system. ) Lower new red suidstone. 



LOWEB SECONDABT. 

Sandstone, red and coarse; limestone 
combined with magnesia, sometimes 
hard and crystalline ; fossils rare, but 
footprints of reptiles in the sands. 
Thickness, 1200 feet. 



J 



Carboniferous 
system. 



Tbansition Bocks, 

"" uppeb tbansition, 

■Tj I .. f Profuse distribution of carbon in lime 

Upper coal gnts. ^^ ^^^ metalliferous; abundant 

Coal measures. i . ■^^ • j ^x i» xv 

^ V T 1* i. 1 vegetable remams, and scarcity of other 

Citrbomferous bmeatone. T j^ Thickness from 1000 to 6000 

L feet. 



Carboniferous shales. 



} 



Old red sandstone. 



Devonian 
system. 

TT a*i • f Ludlow shales. 

Upper aiumn J D„dley limestone. 

■y**°^ iDudley shale. 

Lower Silurian I Caradoc sandstones. 



system. 



I Llandeilp flags. 



Metamorphic. 



Plutonic. 



LOWEB TBANSITION. 

r Siliceous particles mixed with coarse 
i slate or limestone; fossils rare. Thick- 
L ness, 3000 feet. 

] Marine formation; abundantly fossil- 
j iferous. Thickness, 3800 feet. 

f Stratified ; containing numerous marine 
< fossils of low organization. Thickness^ 
L 3700 feet, 

PbIM ABT EOCKS. 

' Slates ^ 

Crvstalline limestones Crystallme, not stratified ; no organic re- 

Hornblende schist ' I m^; very metalliferous^ Thickness 
M* lAte I determmed; supposed to exceed 

IGneis.. ' J two miles, 

! Mingled crystals of felspar, quartz, ^d 
mica ; the lowest rock known. 

In the preceding tabular arrangement many of the minor strata are 
omitted ; nor have the volcanic rocks been included, as they are uncon- 
nected with the progressive orders of stratification. They have been 
ejected from beneath at different periods, some comparatively recent, 
and either lie upon the stratified rocks, or are protruded through them 
in thick veins. These rocks consist of basalt, porphyry, and their 
varieties, in which the constituents of granite are blended in various 
proportions and altered by the action of heat. The thickness of the 
basaltic covering on some parts of the Andes in South America is 
estimated at fourteen thousand feet. The accompanying diagram, which 
represents the principal rock formations and their relative thicknesses, 
with the eruptions of volcanic rocks introduced, will serve to show the 
order of succession still more clearly. 
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DIAGRAM OF KOCKS AND STRATA. 
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The geological student must not be discouraged by the array of 
strange names that he observes in the list of ro^s and systems that 
oompriae the geological series. There is much valuable and interesting 
knowledge to be saiued without studying the classifications and systems, 
which We been'wed without di^et guiding lines, and wldl a^ 
frequently altered to conform to the opinions of speculative geologists. 
The want of a scientific and intelligible nomenclature becomes more 
strongly apparent when the names that have been given to rocks and 
systems are thus presented at one view. It might seem^ from the terms 
applied to several of the groups of strata, that they are peculiar to certain 
districts ; but when it is known that rocks of the same character, and 
classed in the same system, are to be found in most parts of the world, 
the application of local names to generally distributed rocks seems 
strangely inappropriate. There is a still more remarkable inaptitude of 
terms to be observed. It may be thought sufficiently misleading to 
nominally limit extensive groups of strata to the confines of Devonshire, 
Wales, or Cumberland, disguised and mystified as Devonian, Cambrian, 
and Cumbrian systems ; but when, in addition to local limitation, there 
are selected for the designation of systems of rock formations the names 
of people and kingdoms long since extinct and unknown, the absurdity 
of such a nomenclature appears to arrive at its clmiax« 



CHAPTER IL 



THE CONSTITUEKTS Ain> CHABACTEBS OF BOCKS* 

Elementary rabetances of rocks: silica, aliuninay lime, magnesia, alkalies, carbon, 
sulphur, iron, manganese. — Compound materials of rocks: quartz, felspar, mica, 
talc, cUorite, slate, hornblende; their chemical compositipns and characteristic 
differences.— -Calcareous rocks^; marble, chalk, and gypsum : their peculiarities. 

Thx component parts of rocks are very few, and many that have different 
names and present different appearances are composed of the same 
elementary substances, either in other proportions or differently arranged 
by the circumstances of their formation. There is not in mineralogical, 
as there ia in chemical combinations^ any definite proportions in which 
the elementaay substances unite ; and the proportions being indeter- 
minate and the circumstances of formation being frequently very dif- 
ferent, there appears to be almost an infinity of compounds contrasted 
with the very rarely occurring simple rocks. The general absence of 
uniformity of structure, and the various modes in which the materials 
are combined, occasion considerable difficulty in distinguishing two or 
more assimilated rocks from each other, the gradations in which they 
blend together being sometimes almost imperceptible. 

The four earths — silex, alumina, lime, and magnesia— constitute about 
nineteen parts out of twenty of aJJl the known rocks. They are mostly 
combined with potass, soda, carbon, sulphur, iron, or manganese in 
minor proportions. The metalfi, which are found in veins intersecting 
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strata and beds^ are not considered as constituent parts of rocks, and 
they form a very inconsiderable part of the crust of the earth. 

Silex, or silica, is often found nearly pure, but seldom in very lai^e 
masses. Rock crystal is an example of silex in its purest form. Quartz, 
flint, and sand, are also composed of silex, with a small admixture of 
earthy matter. This mineral is extremely hard, will scratch glass, and 
gives great hardness to all the rocks with which it is combined. The 
point of a knife makes no impression on it. Silex, when pure, can only 
be fused by the oxyhydrogen blowpipe ; but when mixed with lime, it 
may be fused at a much lower heat. It is nearly insoluble in pure 
water. Fluoric acid dissolves silex, and alkaline solutions also take up 
a portion of it. The specific gravity is 2*66. Silex is combined so 
largely with most rocks that it is supposed to constitute about one-half 
of the whole. Those which contain large proportions of silex are 
termed silicious. This earth is not a simple body; it was decomposed 
by Sir Humphry Davy, and was found to consist of a peculiar basis, 
called siliciimi, and oxygen, in the proportions of 49 of the base to 51 
of oxygen. 

Alumina is also a decomposable earth. It is found in the greatest 
purity in the sapphire and the ruby, which consist almost entirely of 
this earth ; but in its ordinary state, it constitutes the plastic principle 
of clays and loams, and was formerly called argil, from the French, and 
argillaceous earth. Alum contains it in great purity, combined with 
sulphuric acid and water, and from that salt it derives its present 
chemical name. Alumina is extremely unctuous to the touch, and ab- 
sorbs thirty per cent, of water. It is even more infusible than silex. 
All the rocks with which it is ordinarily combined possess more or less 
of its plastic properties, and are termed argillaceous. The colouring 
matter of clays is iron, for which alumina has a strong affinity. Specific 
gravity, 2'0. 

Lime consists of a metallic base, called calcium, combined with gxj- 
gen, like the other earths. It possesses so strong an attraction for water 
and for acids that it rapidly absorbs carbonic acid and water from the 
atmosphere. In the state in which it is generally found, it is combined 
with nearly one-half its weight of carbonic acid. In that condition jt 
constitutes marble, chalk, and mountain limestone. When deprived of 
water and carbonic acid it forms quick-lime, and is then very caustic, 
lime requires intense heat for its fdsion, and is not soluble in less than 
500 parts of water. Specific gravity, 2*3. Rocks combined with Hme 
are called calcareous. The carbonic acid is liberated by all other acids 
and produces effervescence, which affords a ready test of the presence of 
carbonate of lime. 

Magnesia is also the oxide of a peculiar metal. The earth is known 
as a fine powder, of the specific gravity 2*3. It is insoluble in water, 
but is soluble in acids, with which it forms crystallized salts. It is 
seldom found alone, but when combined with limestone it forms exten- 
sive beds of rock. 

The alkalies, potass and soda, and muriatic and phosphoric acids, form 
constituent portions of some rocks, though to a very Hmited extent. 

Potass is principally seen combined with silex and alumina in felspar, 
which is a chief ingredient in granite ; and this alkali tends, by its 
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attractioa of moisture from the air, to facilitate the decomposition of 
the rocks with which it is combined. 

Soda is chiefly important by its forming, in combination with muri- 
atic acid, common salt, and thus communicating, from some unknown 
source, saltness to sea water. Phosphoric acid, combined with lime, 
produces the substance of which the bones of animals are composed. It 
possesses great value as manure, and is occasionally met with in large 
masses. 

Carbon is abxindantly diffused through the Transition and Secondary 
formations, either combined with limestone in carbonic acid, or in solid 
masses among the coal measures, or entering directly into the composition 
of slates. It thus forms an important constituent of the mineral as well 
as of the vegetable and animsd kingdoms. It is one of the few non- 
metallic substances that chemists have not yet decomposed, and when in 
its purest state, black charcoal is capable of being crystallized into the 
splendent diamond. 

Sulphur is another elementary substance that forms an ingredient 
of rocks, though chiefly conflned to volcanic districts. When combined 
with oxygen, however, as sulphuric acid, it unites with lime, and consti- 
tutes beds of gypsum or alabaster. 

Iron enters into the composition of many rocks. It has a strong 
affinity for oxygen, and combines with it in four proportions; the 
most important of which are the black and the red oxides, the latter 
containing more oxygen than the former. It is the red oxide, or iron 
rust, that gives colour to clays and gravel, and most of the rocks with 
which iron is associated. The specific gravity of the metal is 7 '7, which 
is more than three-times that of the earths; consequently, when iron 
forms an appreciable portion of a rock, it is of a greater specific gravity 
than the earths. Bocks combined with iron in a black oxide are liable 
to decomposition, owing to the absorption of a further portion of oxygen 
£rom the atmosphere to convert the metal into a red oxide, and by this 
process the rock is rusted. The pigment called red ochre is an oxide of 
iron, and occurs in veins in primary rocks. 

Manganese forms so trifling a portion of rocks as scarcely to deserve 
notice among their constituent ingredients. It readily oxidizes, and &Ils 
into a black powder, which imparts a dark red colour with the associated 
earths. Specific gravity, 8*0. 

It will be observed that the component parts of all the geological 
formations consist principally of materials that are compoxinds of oxygen 
with various metallic bodies ; and that iron, manganese, carbon, and sul- 
phur, are the only elementary substances which enter directly, and com- 
paratively sparingly, into their compositions. In every rock, from granite 
to the Norfolk crag, oxygen forms the chief feature, and thus we may 
perceive that that most active agent of nature, which vivifies, stimulates, 
and destroys the existing orders of beings, was also exerting its energies 
in former worlds at the earliest dawn of creation. 

The substances, noticed as those that constitute the materials of all 
rocks enter into several antecedent combinations, which serve as proxi- 
mate elements in the constitution of tho^ of more compound structure. 
The primary rocks, for instance, are formed by the blending together of 
quartz, felspar, mica, hornblende, and, talc, each of which is composed,, 
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almciBfc euiireiyy off diffennt oombinations off silfix and idmniiift. It 'will 
be neoessaiy, therefore^ to give a short desciqytioii of the dianetexs of the 
anteoedent oooqMHinds whidi oonstitiite the materuds of grmnttpt and the 



Qumrtz is the name given to the forms in iHudi silica gEDenlfy 
appean^ mixed with a small portioa of ahmiinsL What ]pa§otdj ery&- 
taUiaed and colooileaBy it is called rock cxystal ; the mosi oommon diapes 
of which are slz-sided prisms capped with six-sided pyramids Sane 
Troy fine specimens of this kind are to be seen in the ndneniogical 
d^Murtment of the Biitiflh Museum. Manjgems are oompoaedof qiarti^ 
oombined witib. iron or oUier earths, firam whicfa th^ derive their oolonr. 
Topa^ amethystSy camelianj agates^ tourmalin, are composed almost 
cntirdy of qmurti^ and in its odoiiElesB state of rock drystal it constitutes 
'^ Lrish diamondsjy" whidi approach in hardness the real gem. As gene- 
lalty found in rodo, quartz is in a semi-ciTstalline state^ more or len 
Izanshicenty and has, when it is broken, a splintery firactor^ and a greasy 
appearance. It can be fused alone only by intense heat; but by the 
addition of an alkali, it may be melted at a comparatiydjy low tempe- 
rature^ and foims ^aas. When quarts oecois in Inge maases it is gene* 
rally of a white colour, and in that state it is associated with gold in the 
'^nuggets" of Anstzalia and Galifomia. 

Quarts when not combined with other rodLS, is generally in a granu- 
lated conditiott. (Hie wearing down of the rocks containing qnarta by the 
actions of water and of the atmonf^ere, has formed the beds of aandatone 
and sand that are aceamnlated in thi<k strata among all bat the primaiy 
ro^ formations, and which at the present day cover the sea shores 

Fdspar is avery abundant rock, and enters largdy into the oonpe* 
SKti«in of granite^ It eoosists principally of 8iBc% combined witfa 
akmiina and potaasy in the proportions of about 62, 17, and 13 reapeo* 
tivety, thou^ diffierait specimens vary ccmaidendily in their rdative 
qnantiticBL Its cleavage is geneiallymore splendent than that of qusri^ 
but it is not so tranalucent^ nor is it found peifeetly tranaparent. Tlie 
crystals of felspar vary with its constituent parts^ but the general At^ 
meter is rhranboidaL The presence of a l«q^ portion of potass is a 
marked chemical duuracteristic of liJflpBr contnstod with qoaiti^ and 
r en d er s it faaible into a hard kind of g^ass without tibe addition of more 
alkalL The potass, which usually constitutes one-seventh part of felapar, 
&dlitates its deeon^poaition, and the disintegrated rode produoefl^ by the 
Ubention of alumina and silica, the finest kind of poroeiain ciay. 

There are several varielies of ftlqnr, the ooioars varying from yMbB 
toredinevBiyafcadp The analyses of these dijfaeni qiee i niB i i B yve the 



C2-8S W75 60-25 

Ahunina^ 17-02 17-50 22-00 

lime 8-00 1-25 0*75 

Potm 13-Oa 12-00 14-00 

Oniecflna 1-00 0*75 lilO 

96-85 98-25 98-00 

Th^re is a ftlspar called cempaet feiqiar, whidi is hards and nrai^ 
leas fosiUe than the eommon kind* The diffbieBoe ariaes firam its 
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taining a smaller quantity of alkali and more lime; and the proportion 
of alTimina to silica is greater. The crystals in porphyry are usually 
compact felspar. 

Mica forms another constituent of granite. Its name^ derived from 
the Latin, indicates its shining or glistening character. Its structure is 
finely laminated, therefore it may be divided into very thin sheets, which 
are colourless, transparent, and highly elaatic. Mica and compact felspar 
afford an illustration, in the mineral lanirdom, of the acreregation of nearly 
tha ««ne element^ p-rto into verylofe^t foHnT^chemical cJ- 
position there is little difference, with the exception of a larger proportion 
of oxide of iron in mica ; yet one is a rigid and opaque mass, the other 
soft, elastic, beautifully teansparent and glistening, and is easily separated 
into the thinnest imaginable ff akes. Both minerals melt into the same 
kiQd of glass or enameL 

Talc is a mineral that resembles mdca in its laminated structure and 
transpareiwy, though whea in a maas it has a green colour. The principal 
eharacteristic differences between talc and mica are, that talc is not elastic, 
therefore when bent does not regain its form, and it also fiaels soapy on 
the sur&ce. The comparison of talc and mica presents an illustration of 
an opposite kind to that of mica and felspar, for their external characters 
are similar, whilst their chemical constituents are not alike. There is 
only a very small quantity of alumina in talc, and a large proportion of 
magnesia. 

Chlorite closely approximates to talc, and sometimes blends with it 
in undistinguifihable gradations. It derives its name from its green 
colour, and DOtf b» might be supposed, from its containing chlorine ; the 
mere incident of colour having, it is to be regretted, been considered by 
the mineralogist and the chemist soficiently characteristic to give the 
same distinguishing joame to things entirely different. The chemical 
constituents of dikdte axe nearly the same as those of talc, with a 
smaller proportion of ailioa^ and more magneeaa and oxide of iron. Its 
structure is minutely foHated, and its fracture presents a glistening lustre. 
Neither mica, tak^ nor chlorite, occur separately in mountain masses, but 
they often form component parts of rocks. ^ In the granite of the Alps, 
near Mont Blanc, talc generally supplies the place of mica. 

In all ranges of primary and transition rocks, slate occupies an im- 
portant position. Its laminated structure^ which facilitates its cleavage 
into thin slabs for roofing houses, is well known. In some slates^ Hie 
lamination is more massive, and it may be split into slabs several yards 
long, and two or three inches thick, whilst others are so splintery as to 
be useless. The laminated structure is probably owing to a semi-crystal* 
lization, which has disposed the slate to cleave in parallel planes ; but in 
some instances where this laminated structure is observed, it is evidently 
owing to the effects of stratificatum, one thin layer having been deposited 
over another. Some of these '^schists," as they are called, have acquired 
this form of stractore by the interposition of very thin layers of mica* 
The slates from the Widdow mountains are beautifully variegated, and 
tiumgh they do not bear the poHsh of marble, they are scarcely less 
beautif uL They jure cat into thick slabs, and are formed into mantel*- 
pieoes, taUes^ and oifa^ useful articles. In the oonstituents of slate, as 
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of most of the primary and lower transition rocks, silica and alumina 
form the principal portions. Its specific gravity is 2*7» 

Hornblende frequently occurs as an ingredient of primary rocks» 
Its colour is greenish black, with a subdued shining lustre, and compact 
fracture ; and when breathed upon it emits a peculiar smell. It is not 
so hard as felspar, but it is more difficult to be broken, owing to its not 
being so highly crystalline. Its marked characteristic difference from, 
felspar consists in its containing less alumina, and a very large proportion 
of oxide of iron — nearly thirty per cent. Its speciQc gravity exceeds 
that of felspar, in the proportion of 3'25 to 2*57. 

Hornblende is sometimes found in mountain masses, though it most 
frequently occurs in combination with other minerals, and when minutely 
disseminated through them^ it forms the class of rocks that are called 
^' trap." These rocks, with which basalt is associated, are supposed to be 
of igneous origin, or to have been erupted through the sur&oe by the 
agency of heat, after the deposition of tiie other rock formations. 

In Cornwall, and in the Isle of Mona, in Anglesea^ there are masses 
of a beautiful rock, called " serpentine," from its variegated green colours, 
which closely approaches hornblende in its constituent parts, with the 
addition of chlorite. 

In the preceding elementary rocks, silica and alumina, either combined 
or separately, form the bases; and the other ingredients are generally the 
same in different proportions, and differently arranged, so as to give 
sufficiently marked distinctive characters to each. The following tabular 
arrangement of their constituent parts presents at one view the points of 
correspondence, and of difference in their chemical combinations. It 
must be borne in mind, however, that the analysis of specimens of each 
rock gives only an approximation to the general constituent parts ; for 
rocks classed xinder the same name, and in essential respects similar, as 
fr^uently differ in their chemical compositions as they do in their colours. 
As such great differences exist in their general characters, it is unneces- 
sary to give the decimal parts of separate analyses. 

Horn" 
blende. 

42 
12 



Sffica 


QnBitz. 

98 ... 
2 ... 
... 
... 
... 
... 
... 
... 
... 


Felspar. 

67 .. 
18 .. 

.. 
2 .. 

12 .. 

1 .. 
.. 
.. 
.. 


Hica. 

. 47 

. 22 

. 



. 14 

. 15 

2 








Talc. 

62 
2 

27 


3 


6 


Chlorite. 

... 50 
... 26 
... 
... 2 
... 17 . 
... 5 . 
... 
... 
... 


" Slate. 

... 49 
... 24 


Mwrnesift ..t 


... 2 


Lime 

Potass 


... 
6 


Oxide of Iron 


.. 11 


Oxide of Manganese . 

Carbon 

Water 


... 1 
... 1 

... 7 



11 



30 

1 



1 



100 100 100 100 100 100 100 

In the preceding table it will be observed, that lime forms generally 
but a very small proportion of any rock, and that in most it is altogether 
absent ; but there is a class of rocks of which it constitutes the base, 
almost as prominently as silica does in those already noticed 

Most of the rocks into which lime enters as a principal ingredient^ 
are remarkable for the similarity of their constituent proportions^ though 
their structure varies even jnore than those of felspar and mica. A han^ 
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li^hly polished, and beautifully coloured marble, presents no features in 
common with a piece of soft, white, coarse-looking chalk ; yet their chemical 
constituents may be exactly alike. The proportions of 57 parts of lime 
and 43 of carbonic acid, are those in which carboniferous limestones 
generally agree ; but, in some instances, not only is the stone hard, and 
difficult to be broken, but the whole mass is composed of fossilized shells ; 
and in other places we find the same component parts arranged in the 
form of transparent crystals. There are points, however, in which all 
limestones coincide : the hardest may be scratched with a knife, and they 
all effervesce when a drop of acid is applied. Carboniferous or mountain 
limestone occurs over wide-spread districts, and is to be considered rather 
as a distinct formation than as a constituent part of other rocks. Though 
its chemical composition agrees exactly with that of chalk, the structure 
and appearance, and the geological positions of limestone and chalk differ 
so much, that they are regarded as belonging to separate formations. 

Magnesian limestone, called dolomite, occurs in beds of considerable 
thickness and of great extent in the north of England, resting on the 
Newcastle coal measures, audit forms the leading feature in the "Per- 
mian system" of geological arrangements ; that name having been given 
to it because it is well developed in that part of Russia occupied by the 
government of Permia. Its constituents are, lime 30, magnesia 20, car- 
bonic add 47, with small portions of alumina and iron. Magnesian lime- 
stone effervesces only feebly when acids are applied. Its specific gravity, 
2*8, exceeds the average of other rocks. 

Gypsum is another variety of limestone, which sometimes is found 
in thick beds, occupying considerable areas. It varies much in its 
structure and appearance. Its finest white variety is called alabaster. 
When more di^^crystallized, it forms seleJe, a remarkably fine 
specimen of which has been presented by Prince Albert to the British 
Museum. Its constituents are, lime combined with sulphuric acid in the 
proportions of 32 lime, 30 sulphuric acid, and 38 water. When burnt to 
expel the water, it forms plaster of Paris, which absorbs moisture rapidly, 
and becomes again solidified, but with a different structure. 

The descriptions we have given of the elementary mineral substances 
that enter into the composition of the more compound rocks, to be sub- 
sequently noticed, will serve to give the geological student an idea of 
their general characters and structures ; but it will be impossible to ob- 
tain a knowledge of them in their various grades of change without an 
examination of specimens. 
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CHAPTER in. 

FBIMAST "BOOF^ 

daflrificaiaoii of primaiy and tnmntion rodEs. — Granite ^e oldest known rock : ite 
eomfomlAon and 8teiictBie.-^Vaiwtiooa in grsDite.^-6faB]te 4rf lioai Bkn«.— ^ 
Ooeacional invaEnoBfl of the order of si^erposition. — Gnniie an igMOus rook.— ^ 
Crrasite 'wia.-^lSie tenn pzimajy 9a ayplied to granite rocka. — Granite of different 
jtt^ee. — ^e granite of Glen TQt ; junction of it with limestone. — Gneiss and mica 
Bute : their relattons to granite. — QrystaUine limestone. 

It 18 desuratble, in conaideriDg ihe strueture of the orast <^ the globe^ to 
eommenoe with tbe fouxMiation vhereon the saperatmctoie is nk^A, 
and to proceed to examine each story upwards in saooeasioii. HJaTing; 
ther^ore^ taken a general survey of the manner in whidb the diiSferent 
rodcs are arranged, and inspected tiie eonstitiieiit parts <^ the ^ementary 
materifljs, we shall proceed to examine the characters of the compound 
rodks formed from them, and the manner in 'whidli they are disposed, 
from the lowest known rock in the series. 

In adbering to th« four leading diykdonfl of primary, tnn<>itk», 
secondaiy, and tertiary formations, it must he ohserved that there are 
generally, no well defined boundaries betwerai the lower formations and 
those that rest upon them. The notion that gave rise to the division 
of primary and transition, has been proved by sabeeqnent inTestigatioii 
to be incorrect ; for thou^ the orgamo remains of the transition series 
are few and sbnple, it is possible that the cause may be found in the 
destruction of olher organizations by the heat to whidi it is evident 
the lower rocks have been subjected ; and the operation of the same 
force, more intensely exerted, may have entirely destroyed traces of 
former life from the rocks that are called primary. There is, howevw, 
another reason for retaining this classification. Primary rodcs, if we 
include crystalline limestone among them, contain all the elementary 
materials of which the crust of the globe is composed; and this fiMst^ 
combined with the absence of all traces of organization, pres^its sufficient 
distincti<»i to justify the maintenance oi the boundary lina 

Granite, the lowest rock in the aeries, is a compound of fdoper, 
quartz, and mioa^ in various proportions. These approximate d^Dajentary 
minersJs^ though minted together in granite, are separated fr^om eaok 
other in crystals, so that each component part can be distinguifldted* 
In specimens of granite from different localities, the forms of the 
crystals, and the colour of the felspar and mica differ, and they are of 
different degrees of hardness ; but in all granitic rocks, the constituent 
minerals are closely united into a compact mass, having a granular 
appearance. 

Granite is generally acknowledged to be the oldest of known rocks ; 
though frt>m its compoimd nature, it may be inferred that the constituent 
rocks must be older than their compounds. The felspar predominates, 
the quartz is the next in quantity, and the mica forms the least but most 
distinguished ingredient. The mass is crystalline, as if it had been 
cooled slowly from fusion, each component part having separated during 
the process into distinct crystals that adhere closely together. It 
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might be assumed, as granite oonsists of three el^nentaiy materials 
wMeh have different degrees of fusibility^ that the most infixnble would 
be the first to become hard on ooolhig, and that the others woiQd 
separate from it in distinct crystals. It is probably owing to this differ- 
enoe in their degrees of fusibility, that the crystals of quartz, felspar, 
and mica become separa^y disdngaiciiaUe, and that they are not com- 
bined together in one miifbrm mass. The dijSerent circtanstances tmder 
which the molten granite has been cocked, haye no donbt occasioned the 
varieties in the sises and distinctness of the crystals. 

The yarieties obserrable in the compcMotion and aj^pearance of 
granites in different parts of the same country, and even in the same 
moontam, show that Ihere is no one form of granite that can be 
regarded as the type of the general foundation of rocks. Tn Cornish 
granite, the felspar is white and xmdergoing decomposition; in. the 
granite of the MalTsm Hills, hornblende is substituted for mica ; the 
Oiimberlaiid and Scotch granite is red ; in the Dublin mountains it is 
white and compact ; and in granite veins near Aberdeen, the felspar 
and mioa appear as if they had more completely separated in coolmg; 
the one forming large red crystals^ and the mica being in thick 
plates. 

In the section fig. 2, representing the general arrangement of strata^ 
^e granite is seen at the greatest elevation, but this is &r from being 
generally the case; for the force that upheaved the rocks might not 
hare been sufficiently powerful, or it might have been too deeply seated, 
to have forced the granite through the superincumbent strata. The 
highest point at whid^ granite has been found is at the summit of Mont 
!^inc, 15,680 feet above the level of the sea. This feature of the Savoy 
Alps indicates that more energetic force was exerted to elevate that 
mountain-range than any other on the &ce of the globe ; or, at least, 
that the force emanated firom some point nearer to the sur&ce than in 
the elevatkni of the more extensive and loffcier mountains of the Andes 
and the Himalaya. In the Savoy Alps, the granite peaks protrude 
several thousand feet above the adjoining beds ci limestone, which are 
inclined almost vertically, and some of the beds that have been tilted up 
into that vertical position, contain rounded pebbles and other water- 
worn fragments, which prove that before these strata were upheaved, 
^ey Ibrmed part ci the bed of the ocean. In the Himalaya, the granite 
is not raised above one half the greatest height, the summits of the 
mountains being composed of the superincumbent rocks. It would, 
appear, therefore, that the internal convulsion which lifted the granite 
in that ran^e of mountains^ was not sufficient to force it through the 
strata abore. 

Granite does not appear at the summits of the highest moxmtains 
in England and Wales. In Cornwall it is found, at an inferior height ; 
also in the comparatively low elevations of the Malvern Hills and 
Chamwood Forest; it comes to the sur&ee at the foot of Skiddaw, in 
Cumberland ; and it peeps forth in the north-west extremity of Wales. 

The central parts of the principal mountain-ranges in Europe are 
granite. It appears in the Ural mountains in Asia, and it has been 
disoovered in 'tiie mountains of Africa. In Ctoada and the eastern part 
of the United States, and along the extensive range of the Andei^ 

c2 
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gramte occurs, but generally at a lower elevation than in Europe. In 
most places it is associated with similar kinds of rocks, if not exactly 
alike, so as to prove the universality of the geological arrangements 
observed in England. In South America, where volcanic agency has 
been exerted on an extensive scale, the primary rocks are overlaid with 
basalt and porphyry, which form the lofty pinnacles of the Andes. 

It seems evident, from the various structures of granite, and from 
the various circumstances in which it appears on the sur&ce, that this 
foundation rock has undergone several changes ; and that the protrusion 
of it through the superincumbent strata, has not been the result of any 
one convulsion, but that it has proceeded from internal actions at 
separate periods, of different degrees of force, and emanating at different 
distances from the surface. There are several instances also of granite 
resting for a limited extent on secondary strata, and of veins of gramte 
forced through the superincumbent rocks ; both which facts prove that 
such granite formations were more recent than the rocks they rest on 
and penetrate. 

The appearance of granite in such positions does not, however, 
invalidate i3ie received opinion that granite is the foundation-rock. All 
geologists now admit that the primary rocks were at one period in fusion, 
and that after they were solidified, and the upper strata had been 
deposited, basalt and other volcanic rocks were ejected in many parts in 
a molten state, and spread over them. Whence these masses of ba^t 
came, if not from beneath the granite, it is not possible to conceive; and 
as it is a well-established hct that such immense masses of melted matter 
have been ejected from below, the few occasional instances of melted 
granite being likewise thrown on the surface, or forced through beds of 
solid rock, are only trifling exceptions to the general rule. 

In the classification of rocks by Sir Charles Lyell, he adopts their 
supposed origins for the divisions and designations of their respective 
formations, calling the granites and porphyries Plutonic ; gneiss, mica- 
schist, clay-slate, and crystalline limestone, metamorphic ; and all the 
decidedly stratified rocks aqueous. He further makes a distinction be- 
tween Plutonic and volcanic rocks, the latter beiog called igneous. The 
chronological order of classification seems, indeed, peculiarly inappro- 
priate, if the relative ages of the rocks are estimated from the periods at 
which they were raised to their present positions ; but if we regard the 
order in which the strata were originally deposited upon one another as 
the test of age, and consider the subsequent upheavings merely as modi- 
fications of the form of the pre-existing rock, the term primary may be 
consistently retained. If, on the other hand, the mode of formation be 
adopted as the distinguishing features of classification, all the rocks might 
be classed in two divisions only ; for there are no decidedly marked dis- 
tinctions between the Plutonic and the volcanic ; and the metamorphic 
rocks, which usually rest on granite, are also considered to have derived 
their crystalline structure from the action of heat. The difference in 
appearance between primary and volcanic rocks is supposed to be owing 
to the different circumstances under which they were cooled ; the former 
having been cooled slowly at a great depth, and consequently imder im- 
mense pressure, whilst volcanic rocks were exposed to the air by being 
ejected on to the surfEu^e. 
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In tlie Highlands of Scotland, there occur some remarkable deviations 
from the general order of granite arrangement. The Isle of Arran, 
in the dir«tion from north to south, presents striking illustrations of two 
distinct granite formations, which are represented in the annexed section : 




The highest peaks of granite are 3000 feet above the level of the sea. 
The granite Ko. 2, interswjted by veins, haa been upheaved through the 
rooks tlmt now rest upon it, as is shown by the granite veins forced into 
the gneiss. No. 3. A bed of sandstone (4, 4) is remarkable as not con- 
taining any pebbles of granite, though it abounds in the debris of the 
gneiss, and other rocks that rest upon it. This absence of granite &ag' 
ments indicates that the bed of sandstone was deposited before the granite 
came to the surface, uid that it has either been since forced through the 
gneiss, or that the overlying rocks have been swept away, and left it exposed. 
But the most remarkable feature of the section is a second granite for- 
mation. No. 1, differently grained from the former, from which veins 
penetrate into the granite through which it passee ; evidently showing 
that it has been forced, in a melted state, through the overlying rocks, 
after they had been deposited and solidified. 

Glen Tilt, which is renowned in touriats' annals for the struggle to 
force the pass and maintain the public right of view, presents some 
remarkable junctions of the granite with the adjoining rocks of lime- 
stone and argillaceous schist. They are described and figored by Dr. 
MacColloch, in the first volume of the " Transactions of the Geological 
Society," one of which is represented in the accompanying section. The 
rock, B, on the left, is composed of limestone, with strata of blue ai^- 
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laceoua echist^ a, a. The rock, G, cm tlie li^t, is gnmite ; ii 'will be 
observed, that the two rocks have minted togetfai^ and detached mintw 
of each are separated from ihear parent rocks, and are embedded in 
the other. 

The positions of the granite and its branching veins, shown in the 
preceding sections, clearly prove its igneous origin, and that it waa 
ejected from below at different periods, &r apart. But if any further 
proof were wanted, it is to be found in the junction of granite with lime- 
stone, described by Dr. Mac Cullodi as occurring in ^e Western Isles; 
and as it ia seen sJso in the Alps near Champoleon (fig. 8). 

The beds of limestone at a distance from their junction with the 
gramte contain fossils, and the limestone is not crystalline; but a 
decided change in structure takes place as it approaches the granite^ 
until it assumes the crystalline appearance of primary limestone, and no 
trace of fossil remains, the heat of the melted mass Laving completely 
alt^^ its character from that of ordinary carboniferous limestone into 
statuary marble 

In the annexed diagram, the upper portJ<m represents the granite 
which partially rests on the 
Be B- limestone, and the lighter shad- 

ing of tlie parts near it shows 
where the limeetone has been 
made crystalline. 

The variations in the strao- 
ture of different granitee have 
induced geologists to give them 
distinguishing names. When 
hornblende becomes the substi- 
tute for mica, it b called sienite^ 
which has a smaller grain than 
common granite j when talc is 
an ingredient, the mineral is 
caDed talcose granite ; when 
felspar predominates, almost to 
the ezdusion of quartz and 
mica, it receives the name of 
felspathio granite or eunte and "when the crystals of felspar are large 
and distinct, porphyntic granite, or porphyry. In all these varietlea, 
however the granular structure, derived ffom the separate crystals of 
its component ports, is preserved 

The rock that is most commonly found testing on granite closely 
resembles it m the constitaents of its formation, and ia supposed to have 
been formed by disintegrated fragments of granite, whi^ have been 
deposited from aqueous suspension and subsequently crystalliaed by heat. 
This mineral retains the name of gneiss, given to it by German miners. 
It contains more mica in proportion than granite, and is disposed in a 
schistose or slaty state, attributable to the fine flakes of mica which 
appear to be arranged in a laminated form. 

I t Granite and gneiss are so intimately Uended that they frequently 
pass into one another by imperceptible gradations. When the mica 
becomes abundant, granite is converted into gneiss ; when the felspar 
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fl&d qtiartE again predommate, it retums to granita OneiBB «^dom 
ooeors in tiiis ialaaod scwUi of the Eorth and Clyde, bat it is well deve^ 
loped in the Hebrides and in the north and north-west of ScoUand. It 
constitutes the principal geological feature of Norway and Sweden ; it 
occurs in most of the mountain ranges in Europe, and in Brazil it 
occupies an extensive district, being the uppermost rock of mountains 
and valleys. 

Gneiss passes almost impereeptibly into mica-slate, or micaceous 
schist, as it is indifferently called ; the term schist being used to denote 
rocks of a slaty character. In this mineral quartz and mica predominate, 
and felspar is deficient, if not altogether absent. Mica-slate is often 
divided into lamina by veiy thin layers of quartz and of crystalline 
limestone, and its structure ap|»oaches near to that ai slate. MLcaoeous 
achist iWMDibles gneiss in its ^^ual transition into granite, the variations 
in structure having been produced by different proporticms of felspar and 
by the different actions of heat Mica-slate often contains garnets and 
erystals of other mineraJs, which occasionally beocoie so abundant as to 
be constituent portions of the mineral. In miea-slate and gneiss, ores 
of most of the metals are fo«md. 

Intermingled wil^ gneiss and mica-slate are hornblende-schist and 
chlorite-schist, in which hornblende and dilorite are combined witilL 
felspar, quartz, or mica^ in a slaty form. Those rocks have no well- 
defined position in the geological series, hornblende being a mineral that 
enters extensively into the composition of roeks possessing different 
names and characters. As hornblende-schist, it occurs only in the 
Grampian Hills in this island, but it is found in large beds in the monn*' 
tain nu^es of Europe. Ghlorite-slate is soft and feels soapy, owing to 
the large pn^rtion of magnesia it contains. It ofben intermingles witk 
mieandate and o(mimon ^te, with which it occupies an intermediatd 
position ; and it also approaches to hornblende-slate, and to serpentine^ 
all those rocks being apparently modifications of the same. 

Serpentine is the form in which hornblende occurs when combined 
with chlorite, and sometimes with crystalline limestone. Its beautifol 
variegated green colours, and the high polish of which it is susceptible^ 
peeuHarly adapt it to ornamental purposes, for which it is nmch used 
It possesses the advantage, when compared with marble, of being hardest 
and not liable to be injured by acids. One variety of serpentine, in 
whieh limest(me is imbedded, constitutes the much valued vird <vr4%gutf. 
The western extremity of Cornwall, near the Land's Ikid, is the only 
part of England in which serpentine is found. It also occurs on the 
north-west of Anglesey in southern dedivities of the Alps, and in the 
TJnited States ; but as a rock formation, it is of limited extent. Some 
solter kinds of serpentine, called pot-stone, the lapis cQarU of the ancieni 
BcMnanSy are worked into vessds for commMi use. 

Crystalline limestone is essentially distinguished from the pgrimary 
rockS) with which it is associated, by its elem^itary oonstitaentB. lime 
enters very sparingly into the compostticm of the other jMrimaay rooksy 
bat in this mineral it forms the principal party in ocMoabination with 
carbonic aeid. In its purest state it is perfectly white, and whan broken 
its fracture resembles that of fine loaf sugar, from which appearanee the 
French geologists have given it the misleading name of dmuc caH)cnatH 
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sacccmnde. Crystalline limestone usually rests upon mica or cbloiite- 
slate, with which it sometimes intermingles, showing that those rocks 
were at the same time in a fluid or semi-fluid state. 



CHAPTER IV. 

LOWEB TBANSITION BOCKS. 



Characteristics of the transition series. — Organic remains. — Slate rocks : their characters 
and cleavage. — ^The " Silurian System," lower and upper. — ^Fossils of the Dudley 
Hmestone. — ^Peculiar elevation of limestone hills.— Old red sandstone : its inti- 
mate relation to rocks below and above it. — Fossils of the Devonian system. 

Hesting on the primary rocks, and passing into them by gradations 
scarcely to be distinguished, are the transition rocks. These rocks, like 
gneiss and mica-slate, may be considered to have been formed fix)m frag- 
ments of granite, combined with limestone and with carbon, which first 
appears as a component part of rocks in the clay slate, that rests upon, 
and is often blended with the primary schists. 

The transition rocks are more ditinctly stratified than the primary, 
and generally aflbrd evidence of having been deposited from suspension 
in fluids. • Though the action of heat is less conspicuous in them than in 
granite and the primaiy rocks, there are numerous indications of the 
operation of that powerful agent in consolidating the transition rocks 
after their deposition. It has imparted to the limestones, which constitute 
an important part of the series, a structure and hardness approaching to 
crystalline : and the numerous crystals that abound in the cavities of that 
rock, as well as the crystallized lead ores it contains, are corroborative 
evidence of the agency of heat. 

The marked feature, however, of the transition formations, ia the 
presence, in most of the rocks, of the organic remains of a former world. 
As such remains occur first in the lower rocks of the transition series, 
geologists formerly considered this dawn of organic life to prove that the 
creatures which Hved at the period immediately preceding the formation 
of these rocks must have been the earliest of animal existences. This 
opinion, we have before stated, has since undergone some change, and it 
is now supposed that living creatures might have previously existed on 
the earth but that all traces of them have been removed by the subsequent 
frision of the rocks in which they were imbedded. This supposition 
derives strength from the fact, that the organic remains which are first 
discovered in ascending frt)m the granite are those of marine animals, 
with scarcely any traces of plants. It is evident that such creatures 
must have had food to subsist on, yet the remains of marine plants are 
rarely seen associated with the animals that fed on them. It is, there- 
fore, inferred that the heat to which the rocks wherein such remains 
occur was subjected, must have destroyed the indications of vegetable 
life, though not sufdciently intense to eflace the less destructible animal 
organizations. Another inference drawn from this destruction of the 
renudns of vegetable life is, that the higher degree of heat which fused 
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the pmaary rooka might have effiuied all impreselona of EUitecedent animal 



EzamiuatioD of the fossilized rem^na of the fiiBt known occupants of 
the world, tends to throw some Ught on the condition of our planet at the 
period of their existence, and enables us to perceive whether the ocean 
they lived in wm turbid or clear, and whether the atmosphere was atormy 
or tranquil, These interesting revelations of the phjsirail geography of a 
former world, are made by a marine animal called the tnlobit^ (repre- 





sented in figures 9 and 10, in different poaitions). Itisone oftheearlieBt 
forms of life of which the remains are preserved in the lowest fossiliferons 
transition rock. A microscopic examination of the eyes of that creature 
shows, that they were constructed of a number of small lenses, specially 
adapted to vision in clear water with a tranquil atmosphere above it.* 
By the application of the principles of optical science to the observed 
structure of a minute fossil ^e, we are thus enabled to aacertain, that 
notwithstanding the convulsions which had previously broken the crust 
of the earth, and the vast accumulations of mud irom which subsequent 
strata were deposited, there were long intervals of repose, during whic^ 
generations of creatures enjoyed existence in pellucid oceans of tranqtul 

The lowest of the tr^iaition rocks are the slates, which becu: marks of 
having been composed of fiagments of the primary rocks, deposited from 
aqneous suspension, and afterwards consolidated and partially crystallized 
by heat In some slate rocks the congr^ated fragments are large and 
angular, in others th^ are small and wat^^om. They are embedded in 
a cement of alumina or argillaceous earth derived from the decomposition 
of felspar, and this cement varies in quantity as much as the fragments 
it binds together vary in size. The p»mliar cleavage of slates in parallel 
lines, constitutes the chief distinction between them and many of the 
rocks with which tiiey are associated. This disposition to separate in 
regular layers was formerly attributed to stratification ; but subsequent 

* Dr. BuckUnd's Bridgewater Treatise. 
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examination has shoivn that, with £&w ezoeptions, the line of oleaTage ht 
at a different angle from the line of the beds. The direction of the 
cleaTage geneially maices an angle of about 60 d^rees -with the direction 
of the strata. 

The slate rocks constitnte an important fc^matiGn. They are diatilir 
gaished l^ sereral names ; the coarser kinds having received the strai^ey 
unmeaning name of greywack^ slate, adopted from the German nconeiir* 
clatore, and still in common use. Greywack^ slate passes by giadatioas 
into a finer kind of slate, sometimes called clay slate, of -^hich common 
roofing slate is a specimen. Greywackl also frequently occurs without a 
laminated structure, and forms in that state a coarse kind of sandstone. 
Slate, greywackl, and 'sandstone have the same origin, and similar con- 
stituent parts, being all of them derived from the materials of granite and 
its associated rocks ; the difference in their appearance depending on the 
various circumstances under which they were formed into rocks at dif- 
ferent periods. In many instances the slate passes into sandstone, and 
sandstone into schist by such gradual transitions as to show that there was 
no distinct epoch between the periods of their formation, and that their 
differing characters were occasioned either by slow changes during the 
process of depoaitioii or by the partial action of heat, the effect of which 
has not penetrated tlirough the mass. Even in the same mountain range 
the quality of the slate varies considerably, according to the predominance 
of the subjacent rocks, and when siliceous matenal prevails it becomes 
converted into a kind (ailed flinty slate. 

The occasional occurrence of impressions of shells and sea weed in beds 
of slate, and their more decidedly stratified forms, seem to remove them 
jGrom the class of primary rocks ; but their position in the geological series 
is not decidedly marked, and geologists ^ffer respecting the formatioik 
with which slates should be associated. As it is an establi^ed fact, how* 
ever, that even among the seoondaiy formations strata occa^onaQy oeciir 
without any fossil remains, the partial absence of such indications does 
not afford sujBicient reason for classing slates with the primary rocks. It 
would greatly facilitate the progress of geological knowledge, if a more 
general syst^ of classificatian were adopted, and such names were agreed 
upon for rocks as would impart definite ideas of their constituent parts 
and of their relative positions in the geological series. The class of slates 
and sandstones, for instance, having been formed by the decompositioni 
and disintegration of primary rocks, they njight be included in one generie 
term, and be numerically distinguished accordiag to their crystalline 
structures and their ascertained orders of succession. 

Slate rocks are gaierally very metalliferous, but in England they are 
dnefiy worked for copper and lead. The riche^ copper rebis of Gcwnwall 
are contained in a schistose rock called killas, that ofben lies immediate^ 
on granite, and is not always of a slaty structure. Slate is of eommon 
oocurr»ice in mountain ranges, and in the Pyrenees two-thirds of the 
mountains are formed of slate. The outlines of slate mountains are 
serrated and picturesque, but they are not so precipitous as those of 
granite, because their lazninated structure exposes them to the action of 
£be atmosphere, and they are easQy split into fragments, which rest on 
the declivities and form an inclining surface to the summits. 

Above the great slate formation, and partially mingled with it, occur 
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the lower beds irhidi oonstitate what Las been designated by Sir Bo- 
derick Murcbison the " Silurian system.'* These rocks are well developed 
on the boirders of Wales, in Shropshire and Badnorshire, a district 
occupied by the ancient Silures; and Sir Boderick has endeavoured to 
perpetuate the knowledge that such an obscure race fonnerly lived, hy 
giving their name to a class of rocks which he successfully examined and 
determined the position of, and which is to be found more or less deve- 
loped in most parts of the world. 

The lower Silurian system is composed principally of what are 
called Uandeilo flags and Caradoc sandstones; which consist of sandy 
slate, sandstone, calcareous schist, shelly limestones and sandy limestones. 
These beds are estimated to be several thousand feet thick. The pro- 
portions of aluminous matter and quartz they contain is greater than in 
the upper series of strata^ and the quantity of lime is less. The fossil 
remains in the lower Silurian beds are su^dently abundant to prove 
that at the period of their formation, the earth was inhabited by Hving 
creatures; among which, the trilobite is conspicuous, though not so 
abundant as in l^e upper division of the Silurian series. A character^ 
istic molluscous marine animal, called grap- 
tolite (fig. 11), is foimd in the Caradoc fig.ii. 

sandstone, and is almost entirely confined 
to that rock. 

The upper Silurian system comprises a 
series of beds in which lunestone predomi- 
nates. They are named Ihidley shales, 

Dudley limestones, and Ludlow shales, from VS^4i4(M(UtfU4(4U(^ 

the lo<»lities where ^ey are best developed 

in England. The Dudley limestone and shale were fonnerly known as the 

traosition-limestona They abound in trilobites and corallines, and are 

esfeimated to be 4000 feet in thickness. The Ludlow rocks ccmsiat of 

dark calcined flags and shale, grey subcrystalline limestone and micaoeons 

limestona 

This class of rocks is sometimes divided into the W«alock formatioii, 
and the Ladlow formation. The Wenlock shale is generaUy of a muddy 
appearaDce, containing impure argillaceous and calcareous nodules^ 
succeeded, by impure highly fossiliferous limestone-beds, separated by 
aigillaoeous matter. The Ludlow formation comprises two beds of shale 
with an intervening bed of limestone. The upper beds of the Ludlow 
shale pass into sandy beds that contain innumerable fossil fragments of 
small fishes of several kinds. The trilobite is particularly abundant 
in the Dudley limestone, and hence acquired the name of tiie Dudley 
fossil ; and bivalve shells of the genus terebratula are very numeroos^ 

The limestone at Dudley Castle Hill and at Wren's Nest Hill^ wMch 
is about two miles distant, bear evidence of the action of internal force 
in thflsr elevation above the surrounding country. The limestone 
conaistB of two beds, one ten, the other fourteen yards thi<^ whidi rest 
npoii thiidcer beds of soft shale. Some force, which firom the limited 
extent of its effects oould not have been far below the suilaoe^ htm 
elevated both hills in conical forms, so that the limestone surrounds the 
summits like two circular walls, which are almost vertical. At Wren 
Nest's Hill, they enclose a space of about fifty acres. At Dudley Castle 
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Hill, represented in the accompanying section (fig. 12), the strata are 
not so vertical, and rise more to a point. The opinion that igaeooa 
agency has caused the elevation of the limestone, is confirmed by the 
presence of basalt on some of the neighbouring hillB, where it has been 
ejected in a melted state, and preoenta a columnar structure. 




Kecks agreeing in character vith the transit on limestones or upper 
Silurian gro p are met 'with in Belgiiim, France Russia, Scandinavia, 
in Korth and South America, and m we Polynesian islands. The com- 
plete development of the Upper and Lower Silunan groups is estimated 
to be 7500 feet thick. 

The next of the transition series in an ascending order is the Old 
Ked Sandstone, which has been dignified with the name of the Devonian 
system. It is subdivided into three separate formatlone : first, a sandy 
rock, occasionally micaceous, called tilestone, which overlies the upper 
Silurian ; next, a red limestone called comstone and marl ; and the 
third is the red conglomerate, which constitutes the red sandstone, 
whence the whole system derives its name. 

Much importance has been attached to the old red sandstone as 
forming a marked boundary between the lower orders of rocks and t^e 
carboniferous series which contain the coal measures. Some geologists, 
however, regard it as a mere modification of the greywackfi rocks, and 
&om the circumstance of the gradual passage of one into the other, 
frequently observed, it seems that there is really nothing eeaential in the 
old red sandstone but its colour, derived &om oxide of iron, to distin- 
guish it from the lower sandstone formations; whilst its intimate con- 
nexion wit^ the carboniferous shale above it, is clearly perceptible. 
The old red sandstone also passes into daystoue, Uke that of the Fent- 
land Hills. All theee transitions tend to indicate that the mountain- 
Umestone which lies above^ with its alternating beds of grit, the red 
sandstone, and the greywack^ are members of the same form&tiou.* 
The links in the diain of connexion between the lower and upper series 
of rooks, f^pear to be quite perfect in Belgium, where the limestone^ 
which occur in the old red sandstone formation, are identical with the 

* iDtroduotion to Geology. 
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txftnsition-limestone and witli the carboniferouB or moimtoiii-liinestoae, 
on which the coal measuree rest On the other hand, many of the fossil 
remains in the old red sandstone formation, mark it as distinct &om any 
of the rocka below or above it. One distinguishing characteriatio is the 
abundance of the remains of fialiea, which occur in tlie bituminous schists 
associated with the old red sandstone in Scotland, corresponding to fossila 
found LD rocks occupying the same geological position in Bussia. Some 
of these fishes are different &om stay found in the upper series of strata, 
and present the moat extraordi- 
nary appearance. In one genua, 
the h^iid and part of the body 
are cOTered with large, regnlarly- 
ohaped plates, instead of scales. 
The cephalaspis (buckler-headed,) 
which belongs to this group, ia 
represented in the annexed wood- 
cut (fig 13). 

Other fishes, of which the dipterus (fig. 14) is the type, bear more 
resemblance to fiahes of the present day ; but there are characteristio 
peculiarities which distinguish it &om any other species that lived before 
or tdnce ; and from its absence in the upper strata of the old red sand- 
stone, it would appear to have soon become extinct. Most of these 
fisbea were small, not exceeding two or three inches in length ; but one 
genus, the holoptychius, attained a laige size, and must have been very 
votaoioua. It was enoaaed in scales of laige dimensions, and possessed 
formidable teeth. One species allied to thia genus ia supposed to have 
been upwards of thirty feet long. 




A univalve shell, the clymenia, whidi exhibits the first change in 
the structure of the shell by which the nautilus passed into the ammo- 
nite, is exclusively confined to this series of rooks. 

The old red sandstone is well developed in Herefordshire and Mon- 
mouthshire ; it thins out, till it appears again in Westmoreland in thick 
beds, and ferther north, in 8cotIan(^ it is exhibited on an extensive scale, 
qireading over a district one hundred and twenty miles in length ; and 
having in some parts the thicfeness of several thousand feet In Scotland, 
the intervening series of the Silurian system are wanting and the old 
red sandstone rests immediately on gneiss. 



80 oEOLOcnr fob sobooiiS xsn rudents. 

Among the fiosBils that occur in the krwor traiudtioii TotkB, in additiosi 
to those already mentioned, are corallines^ madrepores, a few species of 
biyalye sheUsy and the nantilucL 



CHAPTER V. 

UPPER TBANSrriON EOCKS. 



Character of the strata. — Carboniferous limestone: its supposed formstion by coral- 
line polypi — Conjectured sources of the Bup|^ of Hme. — ^ESevatioD of the caribo- 
niferouB Hmestone into mountains. — Evidence of igneous action»~<iayeiii8 in. 
limestone. — StaJactites and stalagmites. — Separation of limestone beds by igneous 
rocks. — -CobI strata. — Changes in the condition of the world before their deposition. 
— Luxoriant vegetation of &e coal period. — Strata that accompany coaL — Geogra- 
phical distribution of coal. — Formation of coaL — Coal basins. — The disturbance of 
strata by faults. — ^Probable duration of coal in England.-— Fire-damp in ooal miiifls. 
— Suggestion for diminishing the danger of explosions. — ^Association of ii»nstosiA 
and coaL 

The npper transition formation comprises several distinet and important 
ehunes of rooka The earboniieroas system might vith propriety be 
sabdivided into the calcareous and ooaJ formations^ as they possess TerT* 
marked ^i«Hngm'aliiTig features ; but the oharaeteristic prc^ierty, comm<Hi 
to both, of amfcaining large qtiantities of carbon, tiu)!!^ in different 
&frma of ceanbination, has occasioned thdr being classed together; and 
we shall therefore adopt that order of classification* 

The loirest strata of the carbonifarons series consrat of shales, or 
sandy slates, mixed with conglomerated beds which pass, in an aaee^disg 
order, into imperfect limestones, and gradually merge into the bed of 
carboniferous or mountain limestone, of great thickness and extent, 
which forms the foundation whereon the coal strata rest in most parts of 
England The imderlying shales, which are in several places closely 
connected with the greywack^, or with the red sandstone of the lower 
transition series, do not possess much geological importance, except from 
their association with the mountain limestone above. The latter forms 
a very extensive range of rocks, rising in many parts of the country into 
picturesque monntala masses of great beauty. Thia limestone is well 
developed in the lofty hills of Yorkshire and D«?byshire, where the 
deep water-worn valleys and high precipices afford good opportunities 
for examination. 

In the opinion of some geologists the mountain limestone is identical 
with the lower transition limestone of Dudley, since they occasionally 
pass into eadi other; but the distinction in the fossil remains shows that 
they were formed at different periods, and under different circumstances. 
Many of the beds of mountain limestone are composed entirely of the 
remaina of marine animals of the coralline class; the prevailing charac- 
teristic fossils being encrinites and madrepores. The limestone is of 
various colours^ and possesses different cohesive structures ; but the chemical 
constitution is alike isx all the varieties. It is a pure carbonate of lim^ 
consisting of 57 parts of lime and 43 of carbonic acid. 

The abundant remains of corallines indicate that this limestone was 
formed under water, in a similar manner to the extensive coral ree& that 
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are at the proeent <k>y in the coarse of construction hf the same kind of 
polypi in the Fiiusifio and Indian oceans. These recently formed rocks, 
whH^ extend for hnndreds of miles, are constmcted of the outer coverings 
of tiie extinet polypi, to which generaitiona in succession h&ve attached 

themselves, until the increasing mass of shells rises to the sur&ce, and 
there the progress upwards ceases. 

Opinions differ respecting the depths at which the coralline pol3rpi 
can liva It appears from some researches, that the coral ree& are based 
on volcanic rocks, or submerged islands, originally not more than twenty 
or thirty yards below the sur£EU!e ; but in other places, some species of 
coral have been found at depths exceeding two hundred yards. In the 
immediate vicinity of coral reefs the sea is frequently very deep, which 
gives countenance to the opinion that the coralline products must be 
formed on the tops of submarine precipices; for whether we limit the 
range of life under the sea to 200 or to 500 yards, it cannot be supposed 
that life could be sustained at the profound depths to which soundings 
have reached close to the coral reefs in the Pacific* 

It is a subject for curious speculation whence the pol3rpi, both of 
ancient and of existing species, derived the lime that is collected in such 
abundance in their shells. The water of the ocean, which seems to be 
the only source of supply within reach, as the poly]^ have no locomotive 
powers, contains only a minute portion of odcareous matter. In the 
absence of any known source whence the lime could have been obtained, 
it has been surmised that the coraUine polypi possess the power of decom* 
posing sea'water into its ultimate elements, and of thus producing, by a 
recombination of elementary matter, the lime that is required for their 
shells. 

The aciioii of heat is sufficiently evident in the mountain limestone, 
though it has not been so intense as that te which the primary limestone 
most have been subjected. The uplifting of the mass of cored structure, 
which mustonce have beenbelowthe level of the sea, to its present position, 
affords, indeed, ample proof of igneous agency. In several parts of Derby- 
shire, the comparatively local action of heat in lifting up and bending beds 
of mountain limestone are very remarkable. At Grich, near Matlock, 
than is an isolated rook 900 feet above the river, in which the strata rise 
ail round, and enclose it in concentric circles, indicating that the rock 
has been uplifted by some force acting in the centre, and not &r below 
the surface. This inference, which geologists would draw from inspection 
of the position <^ the strata, has, been satisfiictorily proved by driving a 
horizontal gallery into the cliff in searching for lead. After penetrating* 
tiirongh the strata of limestone, the miners arrived at a nucleus of a 
volcanicrrock called toadstone. llie same fact was ascertained by sinking 
a shaft perpendicularly into the roek. The annexed section, made by 
the late Mr. R. Bakewell, exhibits the arched stratification of the lime- 
stone, with the volcanic rock, 6, in the centre. On one side of the hill 
there is an opening filled with lead ore, and there are rich metallic veins 
in other parts of tiie rook. The lower portion of the hill is surrounded 
by shale and gritstone, represented at c, d. 

The beds of mountain limestone are frequently cavernous, large 

* Hie result of Profeflsor E. Forbea's dredgings in the Egean Sea led him to con* 
dude that the range of animal life does not extend below 230 fathoms. 
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open spaces baling been vom avrsy by the action c 
1^ caverns in the High Peak, at Boxton and at Mathvck, aie of this 
Vinii They extend 6» considerable diatauces into the rock% and are in. 
manyparta covered vith crystala of calcareous q>ar, which glitter with great 




brilliam^, and when lighted up converti the gloomy paths throagh the 
monntains into beautiful grottos. In these caverns there are streams of 
running water, which descend through crevices in the rock from the 
Bor&ce, and flow down to unexplored caverns below. The action of 
these currentfi for countless ages has, no doubt, enlarged original crevices 
into the large open spaces that are now seen. 

The water that percolates through the fissures in these rot^ absorbs, 
by the aid of carbonic acid, a quantity of time, and when exposed to the 
air, the dissipation of the carbonic acid gas, and the evaporation of the 
water, cause the lime to be deposited. The constant dripping of the 
water from the roofe of the caverns tends, in this manner, by chemical 
reaction, to fill up the chasms worn away by mechanical attrition. The 
gradual depositions of limestone on the floors of the caverns form the 
rising mounds, called stalagmites, and the inverted pinnacles on the roof 
constitnte stalactites, which in some caverns meet and close up the 
cavities. When the water is strongly impregnated with lime, the depo- 
sitions take place so rapidly that any articles immersed in it become 
soon covered with lime. " Petrifying wells," as th^ are called, do not, 
however, fossilize the things put into them ; for if the articles be broken, 
the original structure will be seen, the deposition of lime being only 
external 

The mountain limestone is very rich in lead ore, which is found in 
veins, traversing it in various directions and in different forms. The 
limestone of Derbyshire also contains detached beds of fluor spar and of 
ciystflJlise gypsum or alabaster, both of which are wrought into orna- 
mental vases of great beauty. The fluor spar mine near Castleton is 
separated from the limestone rock by a lining of sulphate of barytea and 
by a thin layer of unctuous clay. The roo& and sides of the natural 
caverns in this mine are crystallized more beautifully than any other 
caverns in England, though they are little known to tourists, and are 
seldom visited, on account of the lowness of the roof in some places^ 
which renders the access not so ea»y as in the other caverns. 
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The mountain limestone of Derbysliire is separated into four beds, 
divided from each other by the volcanic rock called toadstone, which is 
allied to basalt. The two upper beds of the limestone, as tiiey occur 
near Matlock, are each 150 feet thick, the third is 160, and the thickness 
of the fourth is not exactly ascertained. The thickness of the beds of, 
toadstone that separate them varies considerably, but they are generally 
thinner than the limestone. This succession of volcanic rocks between 
the limestone points out their successive periods of formation, and 
indicates, in the construction of these rocks, as in that of recent coral, 
reefe, the close association of the structures of coralline polypi with vol- 
canic deposits. It seems probable that each bed of limestone, when 
brottght to the sur&,ce by the polypi, was successively covered by vol- 
canic eruptions, which, at the same time, raised the bed of the sea, and 
again covered tha surface with water ; succeeding generations of polypi 
then renewed their labours and constructed a second bed, which was 
again overflowed with lava and once more covered by the sea. Another 
remarkable fact in connexion with the structure of these rocks, which 
invites the attention of the speculative geologist, is, that as coralline 
polypi live only in warm climates, the temperature of the northern parts 
of the world, where the rocks formed by them occur, must have been 
formerly much warmer than at present. This inference is confirmed by 
the fossil flora of the overlying coal measures, for the plants found in 
them are principally those of tropical climes. 

Mountain limestone occupies nearly the whole of the central part of 
Ireland, and extends west to the mountains of Galway. In England, it 
reaches from Somersetshire through Derbyshire into Yorkshire ; it ex- . 
tends over a great part of central and northern Europe ; it occurs among 
the lakes of North America, and is found on the borders of the 
Arctic Sea. 

The coal strata indicate a geological epoch, separated, by numerous 
intelligible and decisive marks, from the preceding periods of rock forma- 
tions, and clearly show that an important change must have taken 
place in the condition of the globe before they were deposited. All the 
lower rocks we have hitherto noticed bear manifest evidence of sub- 
aqueous formation. The organic remains are, with few exceptions, those 
of marine animals ; and there is little doubt that, during the long periods 
occupied in the gradual decomposition of rocks and deposition of slates . 
and sandstones, the earth was covered by the sea, as it must have been 
also in those parts where the mountain limestone is found. 

Biit the rocks we have now to examine differ in essential points from 
those whereon they rest. The strata immediately associated with coal, , 
and usually called the coal measures, abound in the remains of vegetables 
and plants that flourished on dry land, and in a hotter, if not in a tropical, 
climate. The remains of marine animals are comparatively few, whilst 
there are seen distinct traces of fresh-water formations and extensive 
forests. That large amount of vegetable matter indicates, of course, an 
abundance of carbon — an element which is of rare occurrence in the 
lower rocks, except when combined with carbonic acid in lime. Another 
striking indication of change in the condition of the globe is seen in tho* 
generally unconformable positions of the coal strata to those on which 
they rest. Thia would almost necessarily result from the sedimentary 
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depositions hemng taken place aJfeer the crust of ilue earth had been lidded 
up above the level of ^le se% for the subsequent strata would lie hori- 
zontally on the top of those pievionsfy inclined by the upheavii^ force. 
It must not be supposed, hoiirever, that the foimation of the strata 
ci the coal measures was indep^itdent of the action of water. Though 
formed after the land had been raised above the level of the ocean, every 
successive layer of carbonaceous matter and of sandstone shows that tiM& 
land wai^ at so many successive intervah^ covered by water; bat the 
oharacteristie di£f<^nce is, that, in the formation of the coaL measures, 
fresh-water was the agent. 

As the coal measures were fcMined after the land had been raised 
above the sea, and were, ccmsequently, de|»osited in districts separated 
&om each oth^, and at different kvek, each valley of deposition exhibits, 
as. might be supposed, local peculiarities ; therefore the same oorrei^nd- 
ence in the order of succession cannot be looked for as prevails generally 
among the rocks deposited under the sea. In North and Sooth Wales, 
in Shropshire, Derbyshire, Yorkshire, Lancadnre, Northumberland and 
]>urham, the coal measures rest directly upon the mountain limestone ; 
but in South Staffordshire, that limestone is wanting, and they rest mi 
the limestone of the lower transition series whilst in Scotland the old 
red sandstone forms their foundation. 

The lowest bed of the coal measures, which separates them from the 
underlying rocks, varies &om a soft slate to a hard sandstone. This bed, 
called limestone shale, is, in some places, 600 feet thick. • It is composed 
of a series of thin strata, some of which are so soft as to crumble when 
exposed to the atmosphere. The high cliff of Mam Tor, near Castleton, 
is formed of this soft kind of shale ; and, as it is constantly peeling off, 
it has obtained the name of '' the shivering mountain." This lowest bed 
of the coal series contains numerous vegetable remains, and sometimes 
thin seams of coal, but mme of any value. It is remarkable that when 
this bed rests on the mountain limestone, the lower strata frequently 
contain marine exuvise mingled with those of fresh-water animals^ 
showing that, at the period of their deposition, the bed of rock was nearly 
on the level of the sea, which fircnn time to time covered it. 

The next overlying bed counts of a harder kind of sandstone, which 
sometimes contains fragments of quartz. It varies in structure £rom a 
coarse grain to a remarkably &ie kind of sandstone ; and from the 
circumstance of its having been used to form millstones, the whole bed 
has acquired the name of millstone grit. This bed is about 500 feet 
thick. It contains numerous fossil vegetables, but no seams of available 
coal. 

Resting upon the millstone grit are the strata more immediately 
associated with the workable beds of coaL The coal, however, forms but 
a comparatively small portion of the strata, which exceed 400 yards 
in thickness. This great deposit consists of a succession of sandstone, 
ironstone, indurated clay, argillaceous strata, called ^ bind," and shales. 
There are also inter^)ersed among some coal strata argillaceous layers, 
containing numerous sheUs of fre^-water muscles, called by the miners 
"muscle bind." 

The regular coal formation has never been found at great elevations, 
and it generally occupies the vaUeys near mountain ranges. So £ur as 
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geological knovledge of ike different coimtries on the globe extencU, doal 
is principallj found between tbe latitudes, 35 and 65, neither extending 
into the tropics nor into the arctic regions. Of the countries in 'Ej^scfef 
England^ Wales and Scotland are the most bountifully supplied with 
mineral fiiel. Belgium ranks next, Silesia, Saxony, Bohemia, and 
Thuringia possess extensive beds of coal ; and though Belgium now 
poMooMff the best portion of the rich coal field in the north-eastern part 
of France, there are other ayailable coal strata in the western, the middle, 
and the southern parts of that country, especiaDy in the neighbourhood 
of Lyons. In the more southern and in the northern parts of Europe, 
ooal is of rare occurrence. 

In North America coal is very abundant. It extends in Pennsyl- 
vania over a district of three hundred miles ; and it is also found in 
other parts of the United States, along the great valley between the 
AUeghany and the Bocky Mountains. The only great coal formations 
in Asia that are yet known occur in China, where mineral fiiel has long 
been used. 

The principal coal districts in Great Britain are those of Northum- 
berland and I>urham, which extend over an area of about 1200 square 
miles, with an average thickness of twelve feet of coal. The Lancashire 
and Yorkshire coal beds cover a space of 1500 square miles ; those of 
Staffordshire, Shropshire, and Warwickshire, 280 ; the coal field of South 
Wales extendi over 1200 square miles, and there are important coal 
strata in the south of Scotland equal in extent and in thickness to those 
of Northumberland and Durham. In addition to these principal 
depositories of mineral fuel, there are coal fielcb of smaller extent in. 
Somersetshire, Leicestershire, and the western part of Cumberland. 

There has been much speculation on the probable causes of the 
formation of coaL All geologists seem, however, to be now agi^eed thai 
it is the product of decomposed vegetation ; but opinions differ respect* 
ing the nature of the plants from which coal was formed, the processes 
and changes that the vegetable substance has undergone during its con« 
version into mineral coal, the source whence the carbon that forms so 
essential a part of the composition of plants was derived, and their con* 
dition as to growth or accumulation at the time of conversion into coaL 
The impre»nons and remains of vegetables in the coal itself, and in the 
accompanying strata, are sufficient to point out the source whence it was 
formed ; but if any doubt existed as to the origin of coal, it would be 
removed by the evidence of the gradual change of wood to mineral fuel, 
which is afforded in the half-converted kind, called wood-coal. This 
eoal is fotmd deposited in beds many feet in thickness, at Bovey Heath- 
field, near Exeter; and it is still more completely developed near 
Cologne, where it extends over a space of several leagues, in beds ^fty 
feet thick. It rests on clay, and is covered by beds of gravel, being 
evidently a more recent formation than that of common coal. In this 
coal, the trunks and roots of trees only partially mineralised, are seen in 
the npper parts of the beds; and lower down, the vegetable matter is 
consolidated and converted into a substance closely approaching hard 
mineral coaL Nuts indigenous to China and ludia^ and a fragrant 
resinous substance called retinasphaltum, have been found in it. In 
common coal there may be frequently seen impressions of vegetables; 

j>2 
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ftnd tKe thia layers that are sometimes intermm^ed "with the sandstoue 
seem, ly the impressions with which they abound, to have been com- 
prised entirely of the leaves of plants. 

fl„ ,B The remains of vegetables in the regular 

coal strata are those of land plants allied 
to the growth of tropical climates at the 
present day, but of a lai^r size than any 
L known hvmg speciea of the same genera. 
I Tree ferus gigantic equisetse (horse tails), 
es lycopodiK, allied to ferns, and trunks 
of trees called sigillaria, constitute the 
largest portion of the fossil remains that 
accompany coal In many matances, the 
steins of large trees are to be seen erect, 
Irom which it is inferred that they grew 
where they are found , though the prostrate 
positions of most of the stems, and their ' 
separation from the roote, mdicate that they 
were broken by hurricanes, and were drifted 
and heaped together by fioods, before the 
process of conversion into coal commenced. 
The accompanjdng figure represents a trunk 
of the sigillaria imbedded in the shale. 

The very luxuriant vegetation of the 
period of the coal formation shows that the 
condition of the earth and of the atmosphere 
nmst have been peculiarly favourable to 
vegetable life. It has been conjectured, 
and with great probabibty that at that time the atmosphere contained 
a greater proportion of carbonic acid than at present. Such a condition 
of the air would be highly favourable to the growth of plants; and as 
the i^rbon that is secreted during the process of vegetation is almost 
entirely deiived from the atmosphere we need not look beyond atmo- 
spheric sources for the supply of that elementary material Carbonic 
acid, which consists of carbon and oxygen combined in the jiroportion 
of 27 to 73, forms, as before noticed, an important constituent of lime- 
stone ; and such vast qnantities of carbon are stored up in that form in 
mountain-masses, that it is estimated the calcareous ranges of the Jura 
and of the Alps contain sufficient to form a bed of pure solid carbon, 
one thousand feet thick, covering the whole extent of those mountains. 

During the ordinary process of vegetation, the carbon is abstracted 
hj the leaves from the oxygen with which it is combined in the atmo- 
sphere, and is assimilated into the fibres and tissues of plants, whilst the 
oxygen thus liberated from the combination adds to the vital properties 
of the air. Supposing that the atmosphere contained more than its 
present proportion of carbonic acid, the abstraction of the carbon by the- 
leaves of plants would thus fit it more completely for the support of 
animal life ; and this period of prolific vegetation might be considered 
as preparatory to the appearance of air-breathing animals on the earth. 

Several coal fields bear striking indications of having once formed 
the beds of lakes. The strata are curved into hollows, and lie within.. 
one another, like a series of gradually diminishing basins. The occurrence 
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of this airaiigemeat of strata has caused the term " coal basin " to be 
applied to a confined district of coal, in which tlie strata are so placed. 
The thickness of the seams of coal in sach cases is frequently greater in 
the centre than at the edges, 'where they thin out at the surface, and 
become imperceptible. The accompanying section represents a basin of 




this kind, m which the strata have been disturbed by what mineis call 
a " feult." 

Faults are of very frequent occurrence m coal fields They mostly 
consist of thick walls of basalt protruded through the strata from below, 
which have lifted up one side and depressed the other In the strata 
represented in the section for instance, a a and 6 6 are seama of coal that 
originally were continuous, but have been broken and thrown into the 
positions shown by the irruption of the mass of hasalt at /, which 
descends as iiw down aa it has been possible to penetrate. When a fault 
is in an inclined position like that in the section, it is found to be an 
almost invariable rule, that the strata are lifted up on the side towards 
which it leans, and are depressed on the other side. These &ultB, or 
" dikes" as they are frequently called, are not always occupied by igneous 
minerals. Sometimes, there is nothing but a cleavage in the strata filled 
up with the disrupted rocks on each side ; and in the beds below the 
coal, these iaults toe often filled with metalliferous ores. The extent to 
which strata are separated by faults varies Irom one yard to a 
thousand. 

The phenomena of faults present remarkable appearances, which are 
difficult satisfactorily to explain. Not only is the elevation of the strata 
on one aide, and the depression on the other to be accounted for, but the 
removal of the uplifted strata and their levelling with the surface 
remains to be explained. What has become of the masses of strata 
lifted up above the rest t This question suggests itself on looking at the 
preceding section, for the surface, it will be observed, preaentB no appear- 
ance of irregularity, yet it is almost certain that the elevated strata must 
at one time have formed an abrupt precipitous hilL The same fact seems 
still more extraordinary, when the dis1;urbed strata have been covered 
by subsequent depositions, after the sur&ce has been levelled, as in the 
annexed section of Quarrington Hill, near Durham, (fig. 18.) The strata 
have been rtuaed by a basalt dike, to the height of twenty-four feet ; BXid 
afWr the surface had been levelled, beds of magnesian limestone and new 
red sandstone have been deposited unconformably upon them. 

As an abundant supply of coal is essentia] to the mann&cturing 
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prosperity of this country, it beoomes an iittereBting and important 
question, whether the supply is likely to be exhimsted. Many estUnatea 
have been formed of the probable duration of coal in. England, fomided 



fig. 18. 




on the extent of the seams of coal now worked, and on the annual con- 
sumption. Wben it is stated that more than one-third of the coal-seama 
in Northumberland and Durham has been already worked out, and that 
the oonsiunption of coal now quadruples what it was thirty years ago, 
there may seem to be cause for apprehension of an approaching declme 
of England's manu&ctunng pre-eminence. The annual consumption of 
coal, in the manu&cture of iron alone, is nearly ten millions of tons ; and 
the total annual exhaustion of the coal mines, including waste, cannot 
now be stated at much less than forty millions of tons.* Dr. Buckland and 
Pro&ssor Sedgwick, twentyyearBago,estiniated the probableduration of coal 
in England to be about three hundred and fifty years. Since that time, the 
(consumption has been greatly increased ; therefore, if the present workable 
coalHieams in England were the only sources of supply, two hundred and 
£fly years would probably see them exhausted. But the South Wales 
coal formation, wUch has yet been comparatively little worked, containa 
stores of mineral fuel that will last for many additional hundreds ot 
years. It extends orer twelve hundred square miles, and the total 
thickness of the workable coal-seams is ninety-five feel Each square 
mile, it is calculated, will yield sixty-five millions of tons ; therefore, 
even should the annual consumption of coal increase to sixty-five millions 
of tons, there would still be a supply for 1400 years to come. A great 
part of the coal in South Wales is of the kind called anthracite, which 
consists principally of carbon, bums without flame, and is difficult 
toigoita 

The difficulty in Tnining for coal is greatly increaaed by the constant 
evolution of carburetted hycbx)gen gas, which issues from the figures in 
the coal beds» and fiUs the passages of the mines with explosive mixtures 
of carburetted hydrogen and atmospheric air. In mines where the 
pillars of coal that supported the roof have been removed, and the roof 

* It is estimated that 87,000,000 tons of coal are raised yearly in Great Britain, of 
the value at the pit's mouth of £10,000,000. Tlie capital employed in the trade «xcMds 
^10,000,000, aad 120,000 persons are employod in w mines. 



has fidkn in, immezise cavities aro made, wiiicli serre as inverted gas- 
holders, and oontaia loaay thoiuMoid cubic feet of gas, wliich, beiog 
about six tinieB lighter tban common air, collects in the upper parts 
of the works. These reservoirs of gas, called by the miners '^ goafs^'* 
extend sometimes over a space of one hundred acres, and when £lled 
with gas, a diminution of the pressure of the atmosphere causes it to 
ej^and, and fill the passages <^ the mine move qniddj than the ovdhujjy 
means of TentilatLcai are adequate to remove, and then follow those explo- 
sions that so often prove destructive q£ human life. 

The accumulation of gas during ihe night makes it mo2% dangerous 
to descend the pits in ihe morning, and Ihe practice often adopted is^ 
to s^ad down a viewer with a safety lamp to examine the more inflam- 
mable parts of the mine, before the men are allowed to go to work. This 
precauticm ia, however, not carefully atteioded to ; and in one fatal 
instance of recent occurrence several miners accompanied the viewer with 
unprotected candles, and th^ were all killed by the expk)sion of the gas. 
It has been suggested by the author, as a means of testing the condition 
of a coal mine nuxe effectuAlly, that lucifer matches should be ignited in 
the dangerous parts by voltaie agency, before any one was allowed to 
descend the -jpit,* Tim would a^ord one means of avoiding the acci^ 
dents that so frequently occur to the misers by th^ own foUy and reck<- 
lessness-t 

The seams of ironstone that accompany coal strata constitute very 
valuable parts of numy coal fields. When the ironstone is of good quality, 
it yields as mudi as thirty per cent, of the metal About six tons cf 
coal are required to produce one ton of ircm, therelore the intimate asso- 
ciation of the two minerals is of great importance to the cheap production 
oi the most usefid of all the metals. It is a remarkable circumstanoe^ 
that though seams of iron occur ahundantly with the coal, axid are de^xv 
sited like other strata, scarcely any metallic veins are found above the 
mountain limestone. 
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CSumges after ibe coal period. — ^Heterogezteous character of the strata deposited on the 
coal measures. — Lower and upper new red sandstones. — Foot-priirts on sandstones. 
— Scareiiy ef fossils in these strHta. — ^First appearsBoe «f reptiliaoi renoaiiis. — Bed 
maii, and its accompasiyiiig vocltauit, and farme springs. — ^peevdatkms respeotiag 
the origin of rock-salt. — GypsagL^-MagnflsiMi limegtone: its distinctive chazao- 
ters and fossils. 

After tlw deposition of the ooal measnres, tbe onist of ihe emrtb 
seemfi to liaT-e been eulD^ected to great 4xnrvulaiODS, wiudi distmiied the 

* Electric Science, p« 192. 

f At the mee^g of the British Association, at Cambridge, Professor Taraday jnen« 
tioned his own experience of Ibe reddessness of iHae miners. He asid Sir CSiarles Lyell 
w«e ooBuniasioDed bj the govemmeBt to intpeet one «f the «Md misfis near Smdor- 
land, in which there had been a {nost dartnuAive explosioii. He was ssttiBg down with 
a Hgfatfld candle in his hand, looking at the men preparing to blast a rook, auid on 
inquiring in what place of safety their gunpowder was kept, he was startled by the 
information that he was sitting upon the bazm osntaining it. 
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strata, and lifted them from their original horizontal layers into highly 
inclined and sometimes vertical positions. After these convulsions, which 
hroke up the rocks on the sur&ce, there appears to have been a long 
period of rest, during which the fragments of the upturned strata were 
mingled under water with the gradually deposited d^ris carried down 
frrom the hills and mountains, and spread over the tops of the uplifted 
coal strata. The result of such processes of formation, in which the 
'Circumstances must have differed according to the extent of the previous 
displacements of the strata, the height of the land, the character of the 
Tocks brought to the surface, and the action of water, would of course be 
extremely various ; yet they would bear a general impress of having been 
formed under similar conditions. This is exactly the case with the strata 
deposited over the coal measures. 

The heterogeneous and opposite structures of these composite beds, 
combined with a characteristic similarity, are thus described by Professor 
Phillips : " In the composition of this group we find traces of all the 
various operations of the sea. Limestone, crystallized, compact, bre- 
chiated, conglomerated, and earthy; full of magnesia, or containing 
carbonate of lime with little or no admixture. Locally rich in organic 
remains, but generally devoid of them ; sometimes coloured red, blue, or 
white, in stripes and spots ; fine grained, coarse grained, or full of innu- 
merable pebbles derived from the primary and secondary rocks. Clays 
and marls of many various hues ; both the sandstones and clays locally 
productive of remains of saurians, shells, and plants, but over long tracts 
wholly destitute of them. These organic remains are probably analogous 
to those of the carboniferous system, and partly to those which occur in 
the more recent oolites ; and the whole formation, though so peculiar in 
character as to be readily and, indeed, unavoidably separated from both 
those systems, offers, by many resemblances^ a natural transition from 
one to the other."* 

These diversified strata of sandstones, clays, and limestones, Ue nncon- 
formably on the coal measures, from which, therefore, they may be distin- 
guished as a separate formation. In England there are two beds of new 
red sandstone, generally separated by a thick bed of magnesian 
limestone ; but the two sandstones have so many features in common, 
and they occasionally pass into one another so completely, that they may 
be regarded as the same. On the continent, the upper new red sandstone 
and the strata associated with it are more distinctly separated than in 
this country, and from their divisibility into three, they have been called 
the "trias" or triple group. Some English geologists introduce a " triaasic 
system" in their arrangements of rock formations, in which, however, the 
muschelkalk, that forms the third member of the series, is absent. Other 
geologists distinguish the upper group of the new red sandstone forma- 
tion, in consequence of its containing deposits of salt, as the " saliferous 
system ;" but we have thought it most consistent with the observed general 
, characters of the rocks, their relative positions, and their associations with 
each other, to class all the strata that lie between the coal measures and 
the upper limestones as the Lower Secondary Formation. In this arrange- 
ment ^e " Permian system," which consists of the lowest new red sand« 
stone and the overlying magnesian limestone, is amalgamated with the 

* Encyclopaedia HetropoUtana, article Geology. 
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"triasaio system" of some geologists, the latter being composed of the 
upper new red sandstone, the musohelkali (which does not occur in Eng- 
Ituidy, and the red marL 

The appearance and composition of the new red eandstoucs often 
closely resemble those of the old red sandstones that form the foundation 
of the coal measures ; and in places where the coal does not intervene, the 
two seem to pass into one another. In England, the thickness of the 
lowest bed of new red sandstone is estimated at 600 feet, and that of the 
upper beds at 1000, making a total thickness of about 1600 feet. These 
sandstones occupy an extensive district in the Midland part of England, 
reaching from the east of Yorkshire into DorBetshire, and on the west, 
from Cumberland to Devonshire; but^ in parts, they t^e disoonneoted, 
and of small breadth. In Nottinghamshire and in Cheshire the new red 
sandstones are well developed. In the town of Kottingbam many of the 
old houses have cellars cut into the rock, to the depth of more than thirty 
feet, with no other roof than the sandstone, and perfectly dry. In the 
ancient city of Chester, the main streets are cut through the sandstone 
and the shops on each side are excavated in it. 

The section (fig. 19) represents the succession of strata, and their 
general positions from the old red sandstone formation, a, on which the 
carboniferous limestone, b, rests ; over it are the strata of the coal mea- 
sures, c, and overlying the latter, unconformably, are the new red sand- 
stones and their accompanying beds, d. 




Though the new red sandstone is generally destitute of orgamc 
remains, yet it contains traces of the inhabitants of former worlds, perhaps 
more interesting than those of fossil bones It abounds with impres- 
sions of the feet of animals which once walked on the sea-shores when 
covered with the mud and sand that now constitute extensive tracts of 
inland country. The ripple marks of the sea on the shore-are very fre- 
quently preserved, and even the impressions of rain-drops may sometimes 
be seen — the relics of passing showers that fell on the surface of by-gone 
worlds. These impressions on the sandstone occur in layers, as successive 
accumulations of sand and mud have been deposited, and prove, most 
indisputably, that the rocks which now constitute considerable bills were 
formed on the sea-shore, and have been subsequently elevated. 

In these fossilized footsteps we see llie actual imprints of the feet of 
the animals as they lived, and not merely the remains of their bones. In 
the states of Massachusetts and Connecticut in North America, where 
the new red sandstone occupies a space 150 miles long and from ten to 
fifteen miles broad, there have been discovered impressions of the feet of 
thirty-two species of bipeds and of twelve species of quadrupeds. From 
the immense size of some of these footprint^, it appears that birds living 
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at tlMtt period must have been much larger than any noweristiing. Boine 
of the footprints of birds are four times Isjrger than the foot of an ostrich, 
and equal in size those of the dinomis, a gigantic bird, vhich, at no 
distant period, lived in Australia. 

The footprints of birds and quadrupeds 
found in the new red sandstone occur in 
regular tracks, showing the courses the j took 
when waUdj^ on the ^ore, and thedistanoes 
apart indicate the lengths of their respective 
strides. Fig. 20 represents the impressions 
of the feet of extinct birds as found in ^e 
new red sandstone of the Valley of the Con- 
necticut, North America. 

The most lemarkable impressions of four- 
footed creatures preserved in the new red 
sandstone are those of prodigious &ogB, some 
of the prints of the hind feet being eight 
inches long and five inches broad ; and of 
the fore feet, four inches by three. Im- 
pressions of the fore and hind feet oocur 
two inches apart^ and the separation of each 
pair of footsteps is fourteen inches. The 
accompanying woodcut (fig. 21) shows the forms of the fore and hind 
feet and their relative sizes. 




fig. 21. 



C 




Professor Owen, who has distinguished himself by his interesting 
revelations of the characters and habits of the animals that formerly 
lived on the world, derived &om a careful examination o^ and scientific 
induction from, their fossilized remains, was the first to ascertain that those 
footsteps were made by creatures of the order of frogs (batrachians). 
From the depth of the impressions, it was inferred, in the first place, 
l^at they must have been made by animals not walking under water ; 
and by examination of the structure of some of the fossils that were 
discoveredi the order of animals to which the creature belonged was 
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aacertamed. The teeih exUbit a remArkablj mrolTed arrangemeat, resem- 
bling that of the bmin ; fmd from this pecnlur labyrmthiua frtanicture of 
the teeth, Frofewor Owen gave this monster frog the name of labyrin- 
thodtm. Borne of the teeth discovered are tluee inches and a half long 
and one inch and a half broad. From examination of the prints, and 
from the few fossil remains that have been found, Frofeesor Owen hae 
been enabled to "re- 
store " the whole ani- Hg-H. 

mal in its pristine ^ 
form, of which the ac- 
companying woodcut 




a dimmifihed scale. ~ 

The preservation 

of the footprints in an ~ 

indurated state ia ac- 
counted for by supposing that the impressions were made in tenacious mud 
or soft clay, and tlmt the indentations were shortly afterwards filled with 
sand. The sand thus introduced and mibeequently hardened baa produced 
casts of the origintd impressions, and sueceesive layei* occur of footprints 
with their casta in sMidstone fitting into them. Tbua the inhabitants of 
former worlds, as they trod along the shore, unconsciously formed matrices 
for casta in solid rodcs that serve as everlasting monuments of their 



Numerous fbolprinta have been fouud on the new red laadstone of 
Wuwidkalure, Kuupshire, uul CSieshire, and they are partacnlarly con- 



spicuoiu in tJie patches of that rock whiii occur in tiie valleys of Nith 
and Apnim, jn Dnmfriesihira In Comcodde Unir quKry, in Annan- 
dale, on tlw estate of Sir William Jardine, the saivutoBe abounds i 



footpainte irf various kinds ; and the working of the quarry having been 
for several yean in the hands of Sir W. Jardine himself, who has taken 
great interest in tJiese i-ecords of former existenoefi, it has afibrded oppor- 
tanities not previously poeae«ed of preserving whatever waa recovered. 
A series of magnificent illustrations of these fowil footprints is presented 
in " The Ichnology of Annandale," from which publication we copy the 
accompanying representation, on a reduced scale, of the "chelichnus 
ambiguns." 



^ 
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Gontcockle Mnir ib an elevated ridge about a mile in lengbh, situated 
near the centre of the valley. The total thickness of the beds of stone 
worked in the quany is about two hundred feet Their dip is nearly 
«ast to west, inclined at an angle of from 34° t« 37°. Sometimes they 
are merely separated by very thin layers of unctuous clay ; and it is upon 
these that the impresdous are best preserved — the cast and its mould 
separating easily from each other. It is a curious fact^ that nearly all 
the footprints are impressed as if the animals had walked fixtm west to 
east^ or from where the water ie presumed to have been towards the land. 
This appearance, Sir W. Jardine observes, " may have proceeded from 
the softer state of the sand at the ebb of a tide causing the tracks entering 
or approaching the water to have been obliterated ; while the returning 
tracks, being impressed on parti^y dried sand, have been preserved." 
The accompanying representation of Corncockle Muir quarry, showing 

fig. ai. 




the position and inclination of the beds of new red sandstone, is reduced 
from the vignette frontispiece of Sir W. Jardine's work. 

It is a remarkable iact, that few organic remains are found in the 
strata that abound with impressions of animals which must have lived 
on the earth at the time these rocks were formed. It is supposed that 
the organic structure of the bones and animal matter were destroyed l^ 
the oxide of iron, or the liquid that held it in solution, it being gene- 
rally observed that fossil remains are absent where oxide of iron abounds ; 
and it is the pevalence of that substance in the new red sandstone which 
gives that rock its distinguishing colour. Though there are scarcely any 
organized remains, however, in the new red sandstone rock, the exuvite 
of animals are found, called coprolites; and from the chemical analysis 
of these remains, snpposed to be those of birds, it has been ascertained 
that the animals from which they dropped lived upon fishes. 

No general chaj-acter can be given t« the new red sandstone that is 



LOWER SECONDARY STRATA. i5 

not liable to exceptions, owing to the variable circumstances under which 
it was deposits ; therefore, though, generally speaking, it is devoid of 
organic remains, it is, in a few districts, and to a limited extent, very 
fossiliferous. In the neighbourhood of Axmouth, in Devonshire, and 
of Westbury, in Somersetshire, there are patches of strata, called bone 
beds, that contain many organic remains, among which are those of 
lizards (saurians) and fishes. With the exception of a species of lizard 
that has been found occasionally in the coal measures, the fossil remains 
of those reptiles in the upper beds of the new red sandstone are the first 
indications of their existence on the earth. 

The upper new red sandstone is covered with a stratum of red marl, 
which forms a stiff loam, and produces a very fertile soil. These beds of 
marl are in some parts of England six hundred feet thick ; and in (Ger- 
many, where they form the upper beds of the trias group, they attain the 
thickness of one thousand feet. The red marl accompanies the new red 
sandstone generally through the range of country previously indicated, 
and it is chiefly remarkable for containing beds of rock salt and gypsum. 

The rock salt is limited in England to Cheshire and Worcestershire. 
Droitwich is the centre of the rock-salt district of Worcestershire; 
but there the rock is not worked into, the salt being procured by evapo- 
ration from springs of strong brine, which yields about one-third its 
weight of salt. Salt springs occur also in many other places along the 
range of the upper new red sandstone ; and from this circumstance, as 
before noticed, geologists sometimes distinguish the upper strata of this 
formation as the " saliferous system." 

Hungary and Poland contain the most numerous and extensive 
repositories of salt in Europe. Some of these beds have been worked 
for salt at a depth of nine hundred feet. 

There has been much speculation exercised in endeavouring to 
account for the deposits of salt. The most feasible opinion seems to be 
that salt was deposited by the evaporation from salt-water lakes. It is 
conjectured that extensive tracts of land, below the level of the sea, might 
have been separated from it by bars of mud or sand, and being often 
inundated during high tides, its evaporation would be continually going 
on, the water would become super-saturated, and the salt be deposited. 
The Dead Sea^ and some salt lakes in Caflraria, that have thick deposits 
of rock salt in their beds, and other salt-water lakes, are adduced as 
confirmatory of the supposition that the beds of salt were thus derived 
from the ocean. 

Gypsum (sulphate of lime), the mineral associated with rock salt in 
the upper beds of the new red sandstone, has been already noticed among 
the materials of rocks (page 17). It occura in the new red sandstone 
formation in England "in detached beds, as a local deposit; but in the 
Alps, it assumes greater importance, and comprises beds of rock that are 
regularly stratified. ^ 

The magnesian limestone, which intervenes between the lower and 
upper new red sandstones, is distinguished from the magnesian limestone 
that occurs among primary rocks by its colour and the varieties of its 
structure, though not by its chemical composition. They both contain 
nearly equal parts of carbonate of lime and carbonate of magnesia, gene- 
i-ally with a preponderance of the former. The magnesian limestone 
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3ffloci&ted widi priiinry locb is eiUier white or li^ gn7, Imt die 
magnodftn HmesttHie of the new red sandstone ia rf A dsit; brown or 
yellowish brown colour; and its stonctore vuies from gninnlar aad 
laminated to crTstallinft The harder kinds form very durable bnilding 
stone, for which porpose it is extensively oaed in the north of England. 
U^nesian limestone extends bom NewowUc to NoHinghain, rarying 
in thickne« from 400 feet, near Sunderland, where it is best deyel<q>ed, 
to a few inches. It does not occnr continnonsly mnch farther sonth than 
TJn rt.ingtHun ; b^ond wUch point it is met with only 
Eg. SI. in detached beds of email extent and thickness. 

The beds of magneeian limestone occasionally con- 
tain anaU veins of copper and other metallic ores, 
which, oa itte Contioent, where this formation is nmch 
more largely developed than in this coontry, are 
occaaionally sofficiently thick and rich to be profitaUy 
worked. On pasmng down, however, to the onder^ 
lying reA sandstone, these metallic veins cease to be 
productive ; hence the German miner* have given to 
the lower beds of new red sandstone the name of 
rothe-todte-li^ende, or red-dead-layers, signifying 
that &ey are dead or unprofitable strata ; and this 
barbarons nune is frequently used by liln^iali geolo- 
gists. 

The mnschelkalk, which occnis in Qenn&ny be- 
tween the lower and upper new red sandstone, hut 
has no exact representative in this country, is upwards 
of 600 feet thick. It consists of a series of calcareoas 
strata, and contains remtuns of reptiles ^milar to 
those found in the beds of lias limestone, which con- 
stitute the lowest of the middle secondary formation, 
to be described in the next chapter. One fossil pecu- 
liar to the muBchelkalk is the illy encrinite figured in 
the annexed woodcut 
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LRS ETRATA. 

-Lias limestone.-^BurDiiig 
Ooiitio beds. — Succeeaion 

of bed* reating upon the liaa.— Peculiar foaralB in the Stonesfield claj. — Kemaiiu 
. of camiverooa nKdhuci in oolito.^ — EIev»tioii of oolitic rock*. — DiffeieiiceB in d»- 

racter of oolites. — Middle and upper groups — FtaiJand stone : iti defect! » 

buitdlng material.'.— Absence of corvine foeails.^Speculationa on the formation 

of lias and oi^le'. 

The group of strata which, in the arrangement we have adopted, consti- 
tutes the middle secondary fosrmation, comprises all those that lie 
between the upper new red marl and sandstone, and the freshwater 
formation called the Wealden group, which is interposed between this 
middle aeries and the strata immediately assodated with the chalk 
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These beds form an important feature in the geology of England. 
They come to the surface from Dorsetshire to the eastern part of York- 
shire, and occupy a broad and elevated tract varying in breadth from 
10 to 100 miles, being distinguished by geologists as the ooUte system. 
The most important members of the group are the lowest beds, resting 
on the red marl, and consisting of a peculiar blue limestone called lias. 
This name is supposed to be derived &om a provincial pronunciation of 
the word " layers,^' and, barbarous as it i% it may claim to be a more 
correctly distinguishing term than most of the names given to rocks ; 
for the stratification of this limestone is peculiarly even, and looks like 
an arrangement of broad bands lying one above the other. 

The annexed section across the countiy, from London to Cheltenham, 
will convey an idea of the positions of this group of strata in relation to 
those above them; but in this, as in all other sections of extensive 
districts, the elevations are greatly disproportioned to the width of 
the beds. 




1. London clay; 2. ChaJk; 3. Gault; 4. Upper oolite; 5. Elimme- 
ridge clay ; 6. Middle oolite ; 7. Oxford clay ; 8. Inferior oolite ; 
9. Liae. 

When the lias beds are folly developed, with their associated beds of 
clay, they form a stratified mass of nearly 1000 feet thick. The re- 
gularly stratified lias limestone occupies the lower part, and the lias clay 
the upper. The quality of the limestone varies considerably, and also its 
colour ; the u{^r beds being much finer grained than those beneath, and 
when ground smooth f<»rms slabs fit for lithographic printing. The 
chemical constituents of the purest beds are carbonate of lime, in the 
proportion of 80 or 90 per cent., combined with alumine, iron, bitumen, 
and sulphates of soda and magnesia. Some of the beds of lias are 
slaty, and contain iron pyrites — a compound of iron with sulphuric acid. 
The pyrites is decomposed when in contact with water, and the heat 
generated is sufficient to ignite the bitumen spontaneously. It was by 
spontaneous ignition of ^lis kind that the curious phenomenon of the 
burning cliff ait Lyme, in Dorsetshire, was produced, and not by volcanic 
agency. 

The saurian or lizard tribe, of which there are abundant remains, are 
the most extraordinary c^ the fossils found in the lias limestone. Some 
of these creatures must have been from thirty to forty feet long; and from 
the forms of their teeth, it is ascertained that they were predatory and 
fed on fish, living with them in the sea or in estuaries of rivers. The 
means that some of them were provided with for pursuing and cap- 
turing their prey, must have rendered them formidable enemies even to 
the sharks, which lived at the same period. One of these creatures, the 
icthyosaurus or fish lizard, had a head resembling that of a dolphin, rows 
of large conical teeth, and prodigiously large eyes ; the orbits of the eyes 
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in BOme of the specimens found being one foot long and ten inches wide. 
The vertebra of the ichthyosaurus were so formed as to enable it to move 
its tail with great fecilitj, being deeply concave lite those of the shark ; 
and with this fecility of movement, aided by the propelling power of four 
large paddles, it must have moved through the water with great rapidity. 
It may be assumed, &om the size of the eyes, that the ichthyosaurus lived 
in turbid water, the organs of sight being adapted to receive a sufficient 
number of the rays of light to compensate for their feeble illuminating 
power. 

The drawing (fig 27) represents the skeleton of the ichthyosaurus as 
found in the liaa by the Bev, Mr. Conybeare, who paid great attention 
to the elucidation of the fossils of the lua strata. Fig. 2S is the head of 
a restored specimen. To the same gentleman geologists are also indebted 
for the first restoration of the skeleton of another very remarkable 
animal of the lizard tribe called the plesiosaurus, represented in 
fig. 29 above, the ichthyosaurus. The peculiar characteristic of the 
plesiosaurus was the great length of the neck, which was longer than 
the body, and was composed of thirty vertebne of a leas concave form 
than those of the fish lizard Some of the plesiosaurl must have been 
twenty feet long. 

Among the shells found in the % *•■ 

lias is a graphite, bivalve, which is 
so characteristic &om its abundance, 
that French geologists call the liaa 
limestone ealcaire A gryphitet. An- 
other fossil abundant in the lia.B is 
the pentacrinite, a zoophite, with 
long branching arms and articulated 
stem, resembling a vegetable pro- 
duct. The chief difference between 
pentacrinites and the encrientes, of 

which there are such abundant remains in the carboniferous limestone, 
consists in the form of the stem; that of the pentacrinite, as its name 
imparts, being pentagonal, whilst that of the encrinite is round. 

Above the lias occurs the regular oolite formation, which consists of 
a great variety of beds of pale yellow limestone, alternating with beds of 
clay, marl, sand, and calcareous sandstone, attaining a total thickness of 
1200 feet. The principal member of this group, and from which it 
derives its name, is a sandy limestone, composed of round particles 
imbedded in & cement of limestone looking like the roe of a fish, and 
hence locally called roe-stone, which, disguLed in Greek, becomes the 
oolite of geologists. 

The oolite formation is divided into the lower, middle, and upper, by 
thick beds of clay. These may be considered as distinctive lines, which 
separate a series of strata otherwise very closely allied. In the division 
and description of these strata we shall adhere, for the most part, to the 
arrangement in the " Introduction to Geology." The lower oolites are 
divided &om the lias limestone by a thick bed of calcareous clay, called 
lias clay, and by an upper seam of ferruginous marl. The order in which 
the strata then succeed, commencing with those that rest on the lias 
clay and ascending tow^^ls the upper beds, is as foUows : — 
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1. Inferior oolite (Cheltenbam). 

2. Fulleis' eartk 

3. Stouesfield slate. 

4. Great oolite (Bath). 

5. Beds of clay, sand, and gril 

6. Forest marble. 

7. GombraBlL 

1. The inferior oolite differs little from the great oolite above it. Jit 
the south-west of Gloucestershire, it consists of nearly equal diTi8ioik» 
of soft oolite limestone and calcareous sand, arranged in different beds; 
but in no instance does this oolite attain the hard quality of the best 
building stone of the great oolite formation near Bath. The thickness €€ 
these beds in Somersetshire is 130 feet. 

2. The bed of clay called fullers' earth, resting upon the inferior 
oolite in Somersetshire and Gloucestershire, may be considered merely 
local, for it does not extend northwards beyond the latter couniy. In 
the neighbourhood of Bath, however, it is estimated to be 150 feet thick. 
Fullers' earth consists principally of silica, alumina, and oxide of ircm,, 
the silica forming 53 parts per cent., and the alumina and iron about 
five per cent. each. 

3. The Stonesfield slate is a slaty limestone resembling Has, remark- 
able for the organic remains found in it at Stonesfield, near Blenheim* 
like the bed of fullers' earth beneath, it may be considered as a limited 
local deposit ; and were it not for the remarkable fossils it contains^ 
would be scarcely worth notice as a geological formation. The Stones- 
field slate consists of two beds, each about two feet thick, and separated 
by a bed of calcareous sandstone of similar thickness. On exposure to 
frost, it splits into thin plates, which are used for roofing. 

Among the abundant fossil remains of the Stonesfidd slat^ the most 
remarkable are those of the lower jaw bones of animals, which Plrofessor 
Owen has determined belong to the genus of marsupians, or opposums. 
The occurrence of mammaliferous f^niTnaln in the secondary storata wa» 
previously unknown; and they are not foimd in any other strata till w& 
arrive at a much more recent geological period. All the specimens yet 
discovered amount only to the fragments of seven lower jaw bones ; yet 
-from these few remains, Professor Owen has determined, with great 
certainty, the character and habits of the animals to which they be- 
longed 

Among the other interesting remains found in the Stonesfield siate 
are impressions of the outer cases of winged insects, bones of the m^a* 
losaurus, a gigantic lizard, and of a remarkable animal called pterodactyle 
or flying lizard, which varied in size from that of a snipe to that of a 
cormorant. Dr. Buckland determined that these creatures resembled 
bats in general form, but with the elongated heads of lizards. Their eyes- 
were of enormous size, to enable them to see in the night time, and their 
teeth were sharp and conical. A representation of the skeleton of one 
of these creatures restored is shown in figure 31. 

The preservation of the wing-cases of insects in the Stonesfield slate 
indicates a very tranquil condition of the earth at the period of depo- 
sition; and these insects, in conjunction with the pterodactyles and 
opposums, also point to tiie nei|^bourhood of dry land, though most of 
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the oiher fossils that occur iu the oolite ^annatiozi 9ice those of madne 
aniimils. 

fiff. SI. 




4. The gi^eat oolite is the most perfect oolitic rock of the series, and 
is the hest developed. In the neighbourhood of BsAk, it is IdO feet 
thick; but not in a bed of uniform quality. It consists, like the other 
divisicKDB of the group, of a yariety of beck of difierent degrees of hard- 
ness, in vhich comminuted shdls ai^ mingled with the oolite limestone. 
jElie upper and lower beds, which are coarser asul more shelly, are called 
rag stones. The best building stone, when quarried from the rock, 
contains a quantity of water, and is very soft ; but afiber it has been 
exposed to the atmo^here, it hardens and £<xms excellent building 
material, the property of sofkness when first extracted greatly facilitating 
its being cut into blocks and carved. 

In the great oolite there have been found I4i2 c^cies of shells, of 
which number forty-one have been ascertained to belong to carnivorous 
molluscs. This is so £ir vemarkahle that, like the occurrence of fossiL 
remains of opposums in the Stonesfield slate, it throws li^t on the 
existence of that genus at a period long be£>re they were supposed to 
have appeared on the earth. Until ihsae carnivorous molluscs w&^e 
detected in the oolite, they had not been found, in any numbers, till after 
the dhalk formation. 

5. The beds called forest marble, in the lower oolite series, consist 
oi clay, sand and grit, and coarse oolite ; the lowest bed being of clay f^y 
feet thick, to which the name of Bradford clay has been given ; and the 
uppermost bed being also of clay, but considerably thinner. The coarse 
oolite occupies the central part of the series. The thickness of all these 
beds in Somersetshire is 150 feet 

6. The local name of Combrash has been retained for a bed of rubly 
hard limestone, generally detached in masses, and of little geological 
importance, excepting for its abundant remains of oiganic life. It foims 
a very fertile soil, to which character it is indebted for its name; and 
Mr. Smith, the first English geologist who industriously examined tiie 
geology of the south-west^ni part of England, having adopted the local 
name of combraah, it has been generally so called. 

Of the preceding series, the inferior oolite constitutes by far the 

e2 
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most imporiant stratum. It extends in a north-easterly direction tbrougli 
Englan(^ from Dorsetshire to the Cleveland Hills in Yorkshire, through- 
out a range of loftj hills, which, in the neighbourhood of Cheltenham, 
attain the height of 1100 feet, and near Loglebj, in Yorkshire, 1500 
feet; but the general elevation is from 600 to 800 feet. No beds of 
oolite are found to the north-west of the Severn. They occur in Suther- 
landshire and in the western islands of Scotland, and, as before stated, 
in France, and in the Jura Alps; but the oolitic series is wanting in 
Russia and in North America. 

It must be observed that the series of beds in the lower oolite differ 
considerably in various parts of England; so much so, indeed, that^ 
looking at the rocks separately and without regard to the accompanying 
strata and fossils, it would often be difficult to determine that they 
belonged to the oolitic system. In Yorkshire, for example, there are 
thick depositions of sandstone, shale, and coal bedow the combrash, which 
is there diminished to a stratimi of five feet thick, whilst the distinguish- 
ing feature of the system, the roe-stone, can be scarcely recognised in a 
bed of impure limestone that is supposed to represent it. The geological 
positions of strata associated with Jbiown rocks and corresponding fossils 
are, however, considered sufficiently characteristic to class them in the 
same formation. 

A marked distinction has also been observed in the constituents of 
oolitic rocks as they extend northward. In Yorkshire, the oolite is more 
sandy than in Somersetshire, whilst in the Alps the calcareous strata 
further increase, and the sand and clay are dim in ished. 

The most marked feature of distinction between the lower oolite group 
and the upper is the broad line of separation by a bed of clay, called the 
Oxford clay, which, in Somersetshire, is 300 feet thick, and extends into 
Yorkshire as a division line of half that thickness. Some of the beds in 
the Oxford clay are bituminous and nearly resemble lias clay, and other 
beds are much intermixed with calcareous earth; for though the name 
Oxford clay applies to the whole bed, it is composed of a variety of 
argillaceous strata. 

The principal strata in the middle oolite consist of calcareous sand 
and clay, coral rag, and calcareous freestone, which pass into each other 
and vary much in thickness. The coral rag contains in some parts 
remains of madrepores and coral polypi ; the calcareous freestone consists 
of comminuted fragments of shells in limestone more or less oolitic. The 
rounded particles sometimes become as large as peas ; and this variety of 
roe-stone has, therefore, received the name of pisolite, or pea-stone. The 
thickness of the middle oolite, including the Oxford day, is about 
400 feet. 

The middle oolite is separated frt)m the upper by a thick bed of clay, 
called Kimmeridge clay, from Kimmeridge in Dorsetshire, where it 
attains a thickness of 200 feet; but it thins out on proceeding north- 
wards, and does not occur in the oolite system of Yorkshire. Kimmeridge 
clay is of a grey colour, and passes into a shale, which is sometimes so 
bituminous as to be used for fuel 

Besting on the Kimmeridge clay is the Portland sand. It is 
calcareous, and contains green particles like those which give a distin- 
guishing chariEU3ter to the important formation of green sandstone that 
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oocoTS in the upper strata^ to be afterwards noticed. This bed of sand in 
the Isle of Portland, from which it derives its name, attains the thicknem 
of 80 feet. It passes gradually into the Kimmeridge clay .beneath, and 
into the Portland stone above. The latter is a sandstone mixed with 
calcareous particles, and is well known frt)m its having been used exten- 
sively as a building stone in London, where St. Paul's Cathedtal and 
Somerset House present magnificent specimens of the rock. The thick- 
ness of the bed is 70 feet, but it is of very limited extents The good 
colour and fine structure of Portland stone well adapt it for ornamental 
buildings; but it does not possess sufficient hardness for structures 
exposed to the action of water. Blackfriars Bridge, which was built 
of this material, has long since been in a state of decay, and is a costly 
proof of the unfitness of Portland stone for bridges. The effect of rain 
and frost on the surface of this stone is also observable on several of the 
pubHc buildings in London. The depositions of soot on the sur&ce, 
have in places been cleared away by the crumbling of the stone, and 
a fresh dean surface has thus been exposed, which contrasts strongly 
with those parts that still retain their sooty covering. 



CHAPTER VIIL 

UPPER SECONDARY STRATA. 



Tb» Wealden strata : their geological position and limited extent. — Changes indi- 
cated in the condition of the globe. — The Portland dirt beds. — Composition of the 
Wealden group and fossils. — ^The chalk system. — ^The green-sand. — ^Variations in 
its structure in different localities. — Chi^: its distinguishing characteristics. — 
Absence of usually accompanying strata. — Distinguishing characteristics when 
separated. — Greographical distribution. — Organic remains in chalk. — Indications 
of formation at the bottom of the sea. 

The npper secondary formation comprises the chalk, the most distin- 
guishing geological rock, and its accompanying beds of green-sand. 
These beds are, however, locally separated ^m the lower secondary 
rocks by several remarkable freshwater deposits called the Wealden 
group, which, though occurring only in the south-eastern part of England, 
and scarcely to be recognised elsewhere, possess perhaps as much geolo- 
gical interest as any o^er group of strata. The Wealden beds cover 
most of the wealds of Sussex and Kent^ and extend in patches into 
Dorsetshire to the west, and may be traced into Buckinghamshire to the 
north-west. In Sussex and Kent they are surrounded by the chalk, 
excepting on the south-east, where they dip under the sea, and some 
traces of them reappear at Boulogne, and still more completely at 
Beauvais. The total thickness of the beds is estimated to be upwards 
of 800 feet. 

It -was formerly supposed that the Wealden beds were deposited 
above the chalk which surrounds them, and that they belonged to the 
freshwater deposits of the tertiary period; but it is now well ascertained 
that they rise from under the green-sand, and rest upon the upper 
oolites. 
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^e interest attadied to tbese BtiaU arnee &oia the nuioennts 
e'viderieee the; aiEbid of changes on tb« eur&ee of the eftrth before, 
daring, aad after thdr Epsnution. Hiou^ raating npen rocks that 
were depoaited vandet the sea, they hear detamTe marka of faaving been 
fonaed abora ha level, and thejr also indicate a aubeequenfc anbstergence, 
Thilst other atrata^ thonaaiula «f feet tMck, were depomted upon them 
uader the eea. 

The Portlaiid atone qoarrieepreBcntexMllNit sections of the juncttoa 
of the marine strata with the iinehwater beds above them. A atratum 
(rf calcareons mari, about two feet thic^ rests immediately on the upper 
oolite, over which there occurs a stratum of dark argillacooas and 
oarfoonaceouB matter about the thioknees of six indiee, which eontaioB 
foBsiliaed remaina of trees reieniUing those of existing ipecka of pinee. 
The stumps of these trees are erect, and apparently in the situatitHiB in 
'n^iich they grew. Overthisatratamofdark-cokyuredloam,ca]ledthe "dirt 
bed," there is a stratum containing freshwater shells, and upon that there 
resta another dirt bed, thicker than the former, in which tjiere are stems 
of trees »x and seven feet high, with their roots attached, quite erect, 
and at such distances apart, as are usual with trees in primeval forests. 
IStese trees belong to a species of pine, and occasionally, where they are 
found lying prostrate, they extend a langth of twenty-five feet. This 
wpper dirt bed is covered with a stratum of freshwater limestone. 

The dirt bed affords other evidence of the ancient condition of the 
earth. In the £rst place, the remains of the soil of which it is composed, 
shows that the destruction of vegetation and the submergence of the 
surface was not produced by any violent convulsion, or sudden inrush of 
water, for in that case the soft soil would hare been swept away, and the 
trees uprooted. In the next place, we leam that tho deposition of the 
upper fftrata must have been wade in very tranquil water; for the suc- 
cessive layers lie conformably, as it were, to the ii|«ight stumps of the 
ing waving lines above 
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theni. A still further illustration 
of the changes that took place cm 
the earth's surfiice, is afforded by 
the position of these strata in a 
cliff at Lulwotth Cove in Dorset- 
shire, of which fig. 32 representsa 
section. After the forest had been 
submerged, and the upper strata 
had been deposited upcm it, the 
1 whole mass was lift^ up and in- 

>, .V' <^ed at an angle of i5 degrees; 

^^N^ J but the tree% which of course 
grew perpendicularly, are slanted 
ao- as to form an equal angle in 
the opposite direction. 



The regular Wealden group comprises what are caHed the Furbeck 
rtrata, the Weald clay, and the Hastings sands. The section fig. 33 
shows tie order of succession of these strata. The centre, 1, is occujoed 
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ly Hie HutiDga »iu1b ; 3, 2, Weald cUy ; 3, 3, Itnrer green-aand; 4, 4, 
gmit; 6, B, upper greeuWid; and 6, 6, chalk. 




The poBitions the Wealden atanta oooi py m Kent and Sussex when 
they are principally developed, will be h&st ondeietood by inspection 
of Uie accompanying map of the distnct. 




The Furbeck strata consist of a staty limestone of a gi^y colour, 
ai;gillaceous, and m some parts coatauung compact limestone Withm 
these strata ia one, called by the quanymen the cmder bt-d, filled with 
oysteriBheUs, which seems to militate with the received opinion of the 
freshwater nature of these formations, but oysters are met with in the 
«stuarieB of large nvera, and in such situations it la probable the Wealden 
beds were deposited. The Weald clay is a blue or brown tenacious clay, 
sometimes indurated and slaty. Beds of limestone oocur in different 
parts of the Weald clay, known as Sussex marble and Fetworth marble, 
Bome of the varieties of which are aufSciently hard to bear a high polish. 
The Hastings sandstone is composed of whitish grains of sand slightly 
adhering, and altemating with beds of clay, and with a small conglom.e- 
rate sandstone containing rounded fragments of bones and scales of fishes. 
Over this sandstone there occurs, in the Tilgate Forest^ a bed of coarse 
con^omerate consisting of quartz pebbles and pieces of ironstone and 
iasper. 

The whole of the Wealden formation is composed of beds of clay, 
limestone, and sandstone altemating with each other, in which clay 
predominates. In the central portion of the group, the sandstone is 
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most prominent^ extending from beyond Horsham to Hastings, and 
forming a range of hills of considerable height. Crowborough Beacon, 
the highest point, is upwards of 800 feet above the level of the sea. 

Ironstone occurs in considerable quantities in the Hastings sandstone. 
In the sixteenth century, two-thirds of the iron manufactured in Eng- 
land was obtained from the Sussex beds. The Wealds of Kent and 
Sufissx being then' covered with forest-trees, supplied the fiiel for smelt- 
ing the ore.* 

The organic remains of the WeaJden beds are no less remarkable and 
interesting than the peculiar characteristics of the strata in which they 
are foimd. The fossil-trees indicate that the land was elevated above 
the surface of the sea, and that the vegetation upon it was the product 
of a tropical climate. Similar indications of dryland and of tropical 
plants are, indeed, exhibited in the strata of the coal measures ; but at 
that period the earth does not appear to have been fitted for the main- 
tenance of the life of terrestrial animals. From the organic remains in 
the Wealden beds, however, we learn not only that the surface of the 
earth was then adapted to the support of animal life, but that the 
creatures which fed upon the luxuriant vegetation, were monsters of 
gigantic size, with which no land animals now living can compare. The 
most extraordinary of them was the igu^odon, the fossilized bones of 
which were discovered by Dr. Mantell. Its form i*esembled that of the 
iguana, a large species of West Indian lizard that frequents the trees in 
the West Indies. The length of the iguanodon must have been nearly 
seventy feet, which is twice as long as the largest living crocodile. The 
forms of its teeth bear a striking resemblance to the grinders of herbi- 
vorous animals, being evidently intended for the mastication of food, in 
which respect they (fiffer from the teeth of all other species of lizards. 

The chalk and its associated sands have been termed the " cretaceous 
system," from creta, chalk. When fully developed, they consist of five 
principal beds. The lowest is a deposition of sand mixed with particles 
of silicate of iron, which give a green colour to the rock, and fbom that 
circumstance it is called " green-sand," Sometimes it occurs in beds of 
loose sand, as its name implies; but generally the siliceous particles are 
imbedded in an argillaceous and calcareous cement, and form a compact 
sandstone. The united thickness of the green-sand is about 400 feet. 

The lower bed of the green-sand is separated from the upper bed by 
a broad stratum of stiff clay or marl called gault, about 250 feet thick ; 
it is well developed at Folkestone beneath the chalk, and is consequently 
sometimes called Folkestone marl. The thickness of this bed of clay, 
however, varies very much, and it diminishes towards the north, in 
Yorkshire, to twenty feet; but whether thick or thin, this clay division 
between the upper and the lower green sand very constantly accompanies 
the two beds ijiroughout their whole course. 

The upper green sand is more calcareous than the lower, and near its 
junction with the chalk, it passes into a calcareous clay called chalk marl, 
which constitutes a distinct stratum in the cretaceous system. 

Chalk is the most constant characteristic rock of any in the geological 
series. Its white appearance instantly distinguishes it from other 

* Introduction to Geolojjy. * 
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minerals. The general earthy structure and comparative softness of 
chalk constitute an important difference between it and limestone, with 
which the constituents of chalk closely correspond, as it is composed 
entirely of carbonate of lime. But though chalk is so easily distinguish- 
able from other minerals, it nevertheless varies greatly in its degrees of 
hardness, from a soft chalky marl to a hard white stone, the surface 
of which does not rub off like that of common chalk. The chalk in the 
north-east of Ireland is of this description. In a few places also the 
colour changes to red, owing to the presence of iron, a stratum of which 
kind occurs in Yorkshire. 

The thickness of the chalk beds in the south of England is estimated 
to be from 600 to 800 feet. The upper bed is distinguished from the 
lower by containing nodules of flints, arranged in layers, which do not 
occur in the lower chalk. 

The five separated beds that compose the chalk formation — ^the lower 
green-sand, the gault, the upper green-sand, the chalk marl, and the 
chalk — diminish in number as they extend towards the north, where 
the sandy portion of the' group increases, and the gault and chalk 
decreases; and even the beds of green-sand that occur in Yorkshire 
contain fewer calcareous particles than the corresponding beds in 
Sussex. 

There is a local deposition of calcareous marl above the chalk, which 
from the circumstance of its occurring conspicuously on the top of St. 
Peter's hill, near Maestricht, has been called the Maestricht bed. This 
is also classed with the chalk formations, but in many of its characters it 
assimilates to the freshwater tertiary strata lying above. 

Chalk does not occur in England farther north than Yorkshire ; it 
passes through Lincolnshire, Norfolk, Suffolk, Hertfordshire, Bedford- 
shire, Buckinghamshire, Oxfordshire, Wiltshire, and Doraetshire ; and 
thence extending eastward, it appears in the southern part of the Isle of 
Wight, and expands itself in Sussex and Kent. 

In tracing any geological formation in different parts of the world, it 
is frequently observed that some members of the series, especially those 
that form the uppermost beds, are wanting, as if they had been swept 
away by the action of water. The lower beds of the carboniferous 
system, for instance, are often found without the overlying coal ; and so 
also the green-sand beds occur at great distances apart without the chalk. 
As the external characters and structures of sandstones and their asso- 
ciated strata preserve no distinctive features, it might be supposed 
impossible to ascertain to what particular formation the beds of sandstone 
found in different parts of the world belong, especially when the principal 
member of the series is absent. With respect to the green-sand, this 
difficulty is increased, because the fossils in what is called the green sand 
in America vary greatly from those of the green-sand in Sussex. Out 
of 180 species of fossils that have been met with in the green-sand of 
America, only two are identical with those of Europe ; but though there 
is not an actual identity of species, there is a prevailing analogy in the 
character of the fossils that is considered sufficient to identify the two 
formations. The shells of certain species of gryphie, belemnites, tChd 
ammonites occur in both, which indicate that they were alike of marine 
origin, and similar shells are not mot with in any strata deposited after 
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the chalk. Thus, thongfa oulj two species of the shells are exacU; alik^ 
whexL it is fooud th»t the Bandstone of the two cODtaDcnts irtiicb oocnpj- 
the same rdatiTe postioiu among other rocks oontaiu distinct iiidie»- 
tiooB of hftving been depoaiteil under the aea, and some correspondiiig 
fossils, they are contddered to have been deposited at the same geologies! 
period ; though local circumstanoes, such as different depths onder water 
and different climates, may have occasioned differences in the diaracters cf 
the sabmarine inhabitants living at snoh distances i^tart. Even within 
a much more limited range, and where the green-eand can be distinctl;f 
traced associated with chalk, the fossil renuuns exhibit great variation^ 
as can be clearly perceived on comparing the fosils of tlte same beds in 
Yorkahire and in Sussex. 

The organic remains in chalk indicate that it was deposited imderthe 
sea and in deep water, considerably removed from any land. The foBsils 
are exclusively marine ; and though fragments of the bones of the 
monster lixards of the oolite period which freqnent«d the shallow walos 
of estnaries, are occasionally finmd, they are very thinly scattered among 
the chalk, as if they had been carried ont to sea, and not accumTdated in 
heaps near the places wh»« the creatures lived, as in the lias. The 
most characteristic shells of the chalk are echinitea or searnrehins (fig. 35) 
and the chambered cells called scaphites. hamites, tuirilites (fig. 36), and 
baculites (fig. 37). Ammonitea (% 38), belemnitea (fig. 39), and nau- 
tili (fig. 40*) are also found ; and, though they are not pe^niliar to the 
chalk, they serve to mark distinctly the bonndary of marine formations, 
as they do not occnr in the upper strata. There are nnmerous remains 
of zoophytes converted into flint, the nodules in the upper beds of duitt 
having generally a nucleus of spongy zoophyte. The shells are prin- 
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cipally of the bivalve kind ; the small number of univalve sheila having 
beea adduced to prove the depth of the sea, for as the inbabitaiits at 
such shelb have eyea and stretch forth their heads in search of food, 
they would, it is conjectured, require more light for the purpose than 
oonld penetrate a mass of Buperincumhent water, and hence their limita- 
tion to a few species. 

The fossils in the chalk are often found La excellent preservation. 
There are Gpedmens of fish, the bodies of which are rounded and entire, 
with their stomachs full and uncompressed, 
and delicate shells, with long spines, retain 
those fragile projections almost perfect. The 
accompanying wood-«ut is a representation 
of one of these shells, (plagioalomaspitu>»um). 
In some instances, the sesr-urchins and the 
sponges are filled with iron pyrites, instead 
of with flint ; but in both cases, it is evi- 
dent that the iron and the flint must have 
penetrated the interior of the Bbells in a 
liquid form, disaolved in some solvent. The 
fossilized plants found in chalk are confined 
to sea weeida, with the rare exception of an 
occasional piece of drift-wood; nor are 
there any land or river shells. All the 

records of the former eondition of these parts of the world daring the 
chalk formation serve t« show that they were at the bottom of an open 
sea of oonsiderable depth, the few terreetrial products being just suffi- 
cient to prove that &e entire surface of the earth was not covered 
with water. 

It might have been inferred, from the soft structure of chalk, that if 
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it were exposed to the same action of water which has worn down the 
harder rocks, it would exhibit still more strongly the effects of disinte- 
gration and denudation ; and this is found to be the case. The thick 
beds of chalk have been deeply indented into valleyB, and in some places 
have been completely swept away, as in Kent and Sussex, where the 
underlying Wealden strata are exposed on the surface. In the deep sea, 
where the chalk was deposited, there would be no disturbance of the 
water, and it is conjectured that the chalk beds were slowly upheaved, 
and, during the progress of elevation, were furrowed by the action of 
the waves. 



CHAPTER YIIL 
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Changes in the condition of the globe aflier the deposition of the chalk. — ^Altered char 
racter of organic remains. — Order of classification by species of fossil shells. — 
General character of tertiary strata. — ^Deposits of the London and Paris basins 
compared. — DifiEerences in their stmcture and fossils. — Cuvier's discovery of 
extinct fossil quadrupeds. — ^The upper stratum of marine sand. — Strata of the Isle 
of Wight : their peculiar development in Alum Bay. — Character of the oiganic 
remains of this period. — Distinctions of the tertiaiy. strata by their fossil shells. . 

Afteb the extensive formation of the chalk, and its elevation above the 
surface of the sea, numerous successions of strata were deposited, con- 
sisting of marine, fresh-water and alluvial products, at different intervals, 
and during long periods, which abound in fossil remains of animals 
closely approximating to those of existing species. In the early stages 
of geological knowledge, these strata were supposed to be merely alluvial 
deposits of the same period, and to have been accumulated whilst the 
existing tribes of animals inhabited the earth. But a more careful 
examination of the strata and their fossil contents showed that their 
total thickness exceeded even that of the great chalk formation, and 
that most of the organic remains were those of animals which had long 
since been extinct. It further appeared that, as the strata were super- 
posed on one another, and consequently approached nearer to the present 
period, the number of species similar to those now living increased ; and 
among the fossil shells, numbers were found that were identical with 
those living either in neighbouring or in distant seas. The proportion 
of living to extinct species found in any rock thus became a guide to the 
arrangement of different strata in their geological positions, and the 
tertiary strata were consequently subdivided according to their supposed 
approach to the present order of creation. New terms have been intro- 
duced to designate the formations which are thus distinguished by their, 
approximation to existing species. The first indication of approach to 
the present order of animated beings has been called the "eocene" period, 
from the Greek words ^wc dawn, and Kaivog recent, "because the ex- 
tremely small proportion of living species contained in these strata 
indicates the first commencement, or dawn, of the existing state of the 
animate creation."* The overlying strata are said to belong to the 

* Principles of Geology, by Sir C. Lyell. 
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"miocene period," because a minority only of fossil shells imbedded in 
the formations of this period are of recent species, the name being derived 
from fietutv lesfif, and kuivo^ recent. The next group are called "pliocene," 
from TXeiftty major, and Kaivog recent, as the major part of the fossil 
shells of this epoch are referable to recent species. But the latter has 
been again subdivided into the newer pliocene, or " pleistocene," com- 
prising the alluvial and diluvial depositions of still more recent times, 
immediately preceding the creation of man. 

This system of arrangement and mode of classification have been 
strongly objected to on the ground that it is extremely difficult, if not 
impossible, to determine the numerical proportion of ancient and recent 
shells in each tertiary group and subdivision, because the limits of varia- 
tion which may take place . in shells by difference of age or of. different 
circumstances in which the animals might be placed, are not ascertained. 
The difficulty of arriving at any certain conclusions from the examination 
of shells alone, has been proved by the different and even opposite 
opinions given by equally eminent conchologists as to the proportions of 
ancient and recent shells in the same strata. These opinions indeed are 
sometimes so contradictory, that whilst M. Deshayes, the original pro- 
poser of this system of arrangement, finds 50 per cent, of recent shells in 
the newer pliocene formation, other conchologists assert that it does not 
contav any. 

"We have thought it desirable to place before the geological student 
the new system of classifying the tertiary strata^ because it has been 
adopted by most English geologists, and at the same time to present the 
objections against that system. It is our intention in this work to 
adhere to the previously established plan of classing the strata- above the 
chalk gfsnerally as tertiary, subdividing them into groups of lower, 
middle, and upper tertiary formations. There is, indeed, no class of 
rocks IJie positions of which it is so difficult to determine as the strata 
above the chalk. They consist of clays, sands, limestones, and marls, 
most of them containing the organic remains of either marine, fr^sh-water, 
or terrestrial animals and plants, often succeeding each other within the 
space of a few feet ; the strata being different in their mineral characters 
in different places, sometimes extending over a large tract of country, 
occasionally appearing only in small patches far removed from similar 
deposits, and bearing little or no analogy in the continuance or order of 
their succession. 

From these various and opposite characters, it would seem that the 
aqueous tertiary deposits took place in shallow water near the coast, or 
in the estuaries of rivers ; and that the nature of the depositions was 
changed, without any violent convulsion, by a slight elevation or depres- 
sion of the land, or by the rising of the water; and that the character of 
the strata deposited depended much on the condition of the islands or 
continents that supplied the detritus carried down by the rivers into 
the sea. 

Most of the beds resting upon the chalk, whatever be their mineral 
characters, may be considered as having been formed at the same geolo- 
gical period; and by noticing the varied nature of those depositions, we 
are enabled to perceive how great are the differences which different 
circumstances produce in the character of the strata belonging geologi- 
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cally to the same formations. The London and Paris tertaajy deposits, 
technically called basins, serve as excellent illnstFations of these stmctural 
differences, even when the circmnstances were apparently alika The 
ftocompanying section (fig. 42) shows the correspondence in main features 
of the strata surrounding London and Paris. 



fig. 42. 











The chalk of Hertfordahire, situa,ted above the vale of Thames, dips 
under the London clay, rises again in the cii£& near Hythe, where the 
English channel intervenes, and it re-appears near Boidogne, resting upon 
the green-sand. It is cut through and separated in the valley of Bray, 
but again appears in hills on the north of Paris, and dips beneath the 
tertiary strata on which that city is situated, llie circumstances of the 
two deposits are so nearly alike, that in those places at least it might be 
supposed the tertiary strata would correspond. It will be observed, how^ 
ever, that though the surrounding rocks are alike, the depositions from 
them, carried into the valleys, must have been independent of each other, 
as they took place in separated localities, one of which might have been 
covered with water when the other was dry land. So &r as the first 
deposit on the chalk, they nearly agree. A soft, unctuous clay, called, 
from its capability of being moulded, '^ plastic clay,** rests upon the chalk, 
interspersed with gravel and beds of various coloured sands, some con- 
taining shells and others without them. These beds of sands and clay 
are estimated to be 1000 feet thick in the Isle of Wight, where they have 
been extraordinarily distorted and lifted up vertically. 

With the deposition of the plastic clay and its accompanying sands, 
the resemblance between the lower tertiary strata of London and Paris 
ceases. In the vale of Thames there is a thick bed of clay, called '' London 
clay," varying from one hundred to five hundred feet in thickness. This 
clay is in some parts soft, in others hard ; its colour varies from brown to 
blue ; and it occasionally contains seams of gravel, but it may nevertheless 
be considered as one great and tolerably uniform argillaceous deposit. 
In the plastic clay under Paris and London, there are remains of marine 
animals intermixed with some freshwater shells, but the clay deposit ot 
the Paris basin is very thin compared with that of London, and above it 
there occur beds of coarse limestone, called calcaire grassier, and calcavre 
siUceuXy and beds of gypsum, the whole thickness of which deposits is 
about equal to that of the London clay. They may therefore be consi- 
dered the " geological equivalents" of the London clay formation, becawue 
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the J were deposited in the same geological period; but if it were not £>r 
the direct evidence of superposition, confirmed by the niunistakeable 
boundary of the chalk, no one would suppose from their mineral struc- 
tares that the two formations had any relation to each other. Neither 
the calcaire grassier, nor any mineral resembling it, is to be found among 
the tertiary strata in England. 

The general character of the fossil remains in the London clay is 
marine, and some of the shells are similar to those found in the calcaire 
gro98iery but they are few in number, and bear no proportion to the vast 
quantities that are embedded in the Paris formation. Some bones of 
turtles, and of crocodiles, branches and stems of trees, and lignite, or 
wood-coal, which sometimes occur in the London clay, indicate that the 
deposition took place not far from land ; and from the occasional seams 
of gravel, it would appear that those portions formed parts of a sea-beach. 
Among these gravel beds are also found the remains of elephants and 
other terrestrial animals, but these are exceptional occurrences. 

The fossil remains of the calcaire grassier also indicate that it was of 
marine formation, though probably deposited in deeper water than the 
London clay. But the most remarkable organic remains in connexion 
with the calcaire grassier are those in the gypsum and the gypsum marl 
that rest immediately upon it. This deposit is continuous and well 
defined, extending as a boundary line along the top of the calcaire grassier 
through a great part of the tertiary strata of France, though until lately 
supposed to be absent &om those of England. It afibrds conclusive 
evidence that the deposition of the coarse limestone was followed by a 
long continuance of dry land, on which there lived tribes of animals, 
unlace in species, but resembling in general character, those that now 
inhabit tropical or much warmer climates. 

The celebrated Prench naturalist, Baron Cuvier, was the first to 
discover that the bones found in the gypsum quarries near Paris were 
those of extinct animals. By applying his extensive knowledge of com- 
parative anatomy to the development of the structure of the animals 
whose bones were embedded in the gypsum, he was enabled to determine 
not only the genera but the species, and to select ^m a mass of collected 
bones those that belonged to the same species of animal ; and by this 
means to reconstruct the skeletons and exhibit the forms and sizes of 
those ancient inhabitants of the globe. 

Among the bones found in the gypsum are those of turtles, birds, and 
of mammaJian quadrupeds. The latter — ^with the exception of the 
lemains of oppossums foimd in the Stonesfield slate, as before noticed — ^are 
the first fossil remains of mammalian quadrupeds that are met with in 
ascending from the lower formations to the upper. They were determined 
by Cuvier to be those of hei'bivero\is animals belonging to the order which 
he named paehi/derTnata, or thick skinned animals. One of these 
creatures, called palseotherium (ancient animal), seems to have combined 
the characters of the rhinoceros, the hippopotamus, the horse, the pig, 
and the camel, though its external appearance, as restored by Cuvier, 
approaches more nearly to that of the tapir, having a short trunk like 
that animal. It had three toes on each foot, and is supposed to have 
lived on marshy ground, and to have eaten the roots and stems of plants. 
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Figure 43 is an outline of this animal as it is supposed to have appeared 
when Uving. 



fig. 43. 




Another of the extinct animals developed by Cuvier was the anople^ 
therium, which was without defensive teeth, and about the height of a 
boar, though much longer. The bones of six species of birds, and of a 
few camiverous animals, allied to the wolf and the weasel, have been 
found in the bed of gypsum, so rich in the remains of fossil quadrupeds. 
It is a characteristic feature of the tertiary formations that this bed, filled 
with fossils of land animals, occurs between two strata that abound in 
marine deposits. 

The ccUcaire grossier of the Paris tertiary beds is covered with marine 
sand. Though this bed of sand is scarcely recognised in England, there 
are scattered over some of the southern counties large blocks of sand- 
stone, which are supposed to have belonged to corresponding beds that 
have been swept away by aqueous erosion. The immense blocks at Stone- 
henge consist of sandstone of this description. 

The upper marine sand of Paris contains a thin stratum of compact 
silex, full of holes, which is well adapted for millstones, and under the 
name of Burrh stones are generally used in England for that purpose. 
The gypsum beds of Paris are also turned to good account in making ihe 
cement known as plaster of Paris ; and some of the limestones found in 
the lower tertiary beds are extensively uSed in that city for building 
stone. The lower tertiary strata of the London day have been princi- 
pally useful in making bricks from the clays and sands ; and halls of 
ironstone, called septaria^ in the London clay, are employed in the manu- 
facture of Roman cement. 

The beds of marine sand which rest on the London clay at Hampstead 
and Bagshot terminate the series in the London basin ; but in that of 
Paris there is a freshwater formation resting on the marine sands which 
is extensively spread over many parts of the continent^ but has its repre- 
sentatives in this country only in the Isle of Wight. It consists of 
calcareous marls and hard sandstones, sometimes separated and sometimes 
intermixed, combined with a strata of pure limestone, and throughout 
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the whole, there are embedded numbers of shells. The freshwater lime« 
stone in the neighbourhood of Paris varies in its structure, from being ad 
soft as chalk, to constitntiag a stone almost as hard as flint. In places 
it resembles mountain limestone, and bears a high polish; but generally 
these limestones disintegrate on exposure to the air, and become converted 
into soft marl. 

The Isle of Wight deposits differ from those of London and Paris in 
the greater development of the uppermost and lowest members of the 
group— the freshwater strata, and the plastic clajs with the accompanying 
sands. Of these beds, a very remarkable section is fuUy exposed on the 
south of the island, at Alimi Bay. Some violent convulsion, the source 
of which could not have been situated fax below the chalk, has upheaved 
the beds in nearly vertical directions; and this displacement of the 
strata from their original horizontal positions, and the bright variegated 
colours of the sands, which always preserve a fresh surface, present one of 
the most beautiful and interesting geological sections that is anywhere to 
be seen. Mr. Webster, who has devoted much time to the examination 
and measurement of the strata in the Isle of Wight, states that the whole 
thickness of the beds at Alum Bay is not less than 3000 feet, of which 
the tertiary group above the chalk comprises 1400. Kext to the chalk 
there occurs a thin marly bed, which is succeeded by a stratimi of green, 
red, and yellow sand, sixty feet thick, a bed of dark blue clay with 
green sand containing septaria^ 200 feet thick ; then come beds of variously 
coloured sands, 320 feet in thickness; after which succeeds pipe-clay, 
with sands of different colours, occupying a space of 543 feet; in the 
middle of which deposits there occur beds of lignite, containing fossil 
frxdts. The London clay, in a bed of 250 feet, interspersed with greeu 
sand, septaria, and shells, rests against the sands of the plastic clay. The 
freshwater formations occur immediately above the London clay, which 
towards the west inclines less vertically, and the strata gradually return 
to their horizontal positions in Headon Hill. 

The strata of the lower freshwater formation consist of sandy, calca* 
reous, and argiQaceous marl. Some of them appear to be formed almost 
entirely of the fr^igments of freshwater shells, without any appearance of 
marine. From the quantity of these shells, and the regularity and extent 
orthe strata, it seems evident that the spot where they now are was once 
occupied by a freshwater lake, in which the animals existed. Over this 
freshwater bed is a stratum containing a vast number of shells, considered 
by Mr. Webster to be marine, but numerous freshwater species have been 
found among them ; therefore it is probable they were deposited in an 
estuary where marine and freshwater animals lived in common. Over 
that mixed formation, which is about thirty-six feet in thickness, there 
occurs a bed of fifty feet, consisting of limestone and marl, every part of 
which contains freshwater shells in great abundancCi without any admix- 
ture of marine. * 

The tertiary depositions of the Isle of Wight have been' recently care- 
fully examined by Professor E. Forbes, who has discovered on the 
northern part of the island a succession of beds, corresponding with those 
of the upper deposits in the Paris basin, and of more recent formation than 
the strata at Alnm Bay. Mr. Forbes estimates the thickness of these 
freshwater and marine beds at 600 feet; and he considers the develop- 

F 
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meat of the lower tertiary strata in ihe Isle of W^ht to be more c<mi- 
plete than in any other pari of Europe. 

The representation in fig. 44 of the cli£& at Alom Bay and Headon Hill, 
shows the regular sncceaaion of the lower tertiary sli'aiia in tlteir most 
complete form, and the remaikable vcTtical poeitioiis into which th^ 
have been forced. The numbere 1, 2, 3, indica.te the lower feeahwater, 
the lower marine, and the upper fr^w&ter d^ioedta n 




"We have taken the two principal deposita of London and Paria as 
types of thia group of tertiary strata, which, from the similarity of the bup- 
TOunding rooks, might have been assumed to be more closely analogoua 
lluui most others of the same period, yet even here we see in how f^ 
particulars they are alike. In the Paris basin there is a much lai^er 
proportion of <»lcareouB matter and less of argillaceous than in that of 
London, whilst the occurrence of beds of gypsum in the former fJiows 
tliat there was an abundant chemical deposit of sulphate of lime, of which 
mineral there are only feeble traces in the London clay. The presence 
of sulphuric acid in the London clay is, however, manifested by the 
impregnation of the water that percolates through it with sulphate of 
magnesia and sulphate of lime. Those salts frequently impart a diE^ 
agreeable taste to the water that is obtained from wells sunk in the 
London clay, and the springs that issue from it occasionally hold so mudt 
sulphate of magnesia in solatdon as to possess medicinal propertaes. The 
s{»ings at Epsom, for instuice, are celebrated on this account; the water, 
when evaporat«d, affording a conmderable portion of the stdts named 
from that place. 

The succeseion of the strata in the Isle of Wight in relation to those 
ib the south of Bbigland will be best understood by the accompanying 
section, from which it will be seen that some elevating force, operatiiig 
under the centre of the island, has upheaved the chalk and the under- 
lying beds. The masses of green-sand and other rocks thus brought to 
theJ^Burface have been carried away from the axis of elevation, and the 
ehaJk cli& on the north-east and south-west have been thus separated. 
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The fosails of the lower tertiary heda, in addition to those of the land 
a.-nima.la found in the gypsum, comprise a great range of animals tsiA 
Tegetables, most of which were adapted to live in warmer climates. In 
the ^London clay of the Isle of Sheppey, there occur great abundance of 
the fi-uits of trees and shrubs of the kind now only to be met 
with in the tropics ; and near Harwich have been found the trunta 
of pains. The speciea of fossil shells id these strata are almost innu- 
merablov They are remarkable for approaching in general character, and 
in some instances exactly resembling, those of existing species found in 
distant seas possessing a warm temperature. The zoophytes, which in 
earlier depositious are abundant, become more rare, but the remains of foiai- 
minifera, which approach to corals in the nature of their formation, are 
so numerous as to constitute the mass of some of the 
beds in the Paris basin. The shells called num- fis^*. 

mulites, from their &ucied resemblance to a amaU 
Boman coin (fig.46), are most remarkable for their 
abundance. Thewholefamilyof cephalopoda,socalled 
by Cuvier because the oi^ans of motion are placed 
round the head, seein to have become nearly extinct 
in the tertiary period, whilst that of the gaste- 
topodes, which inhabited univalve shells and 
moved on their Btomachs, like snails, was greatly 
increased; and many new species, before unknown, were introduced. Of 
fishes, there are found the remains of sharks, a saw fish, some' gigantic 
rays, and some relics, before final extinction, of the ganoid order of fishes. 

In the mode of classification introduced by M. Deshayes, to which 
we have alluded, he makes two grand divisions of stratified formations; 
first, those which contain no shells analogous to existing species, and 
secondly, the strata which contain a greater or lesser number of species 
analogous to those now living. The first class comprises the secondajy 
rocks and all those beneath them ; in the other are comprised the terioary 
formations. The latter are sub-divided into three groups, according to 
the proportions of shells they contain of recent species, and to which the 
names of eocene, miocene, and pliocene have been applied, as before ex- 
phuned. In the older or lower group, which have been described in this 
chapter, M. Deshayes places the tertiaiy formations of Paris and Ix>ndon, 
the Isle of Wight, and of a part of Belgium, a small part of the Giroud^ 
and the tertiary strata of the Vicentin. In this group he found fifteen 
hundred species of shells, of which only thirty-eight are analogous to 
existing species. Of this vast number none are said to have any analogy 
with those in the chaJk or the strata below it, and only forty-two species 
are found in the tertiary series above ; a great change having, it is sup- 
posed, been effected in the character of the tribes of shetl-fish between the 
lower and middle tertiaiy periods. 

The middle group, to be described in the next chapter, comprises the 
marls of Touraine and other parts of the Loire, a great part of the Gironde, 
of Dax, Austria, Hungary, ajid Polajid, and a small portion of the sub- 
Apennine Hills, near Twin. The shells in this group con^st of nine 
hundred species, of which eighteen per cent, are anali^ous to those exist* 
ing, and seven hundred and seventy of the species are eztinot 

The upper group, in the das^fication of M. Deshayes, comprises tlie 
f2 
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sub-Apennine Hills, the whole tertiary strata of Sicily, the Morea^ Per- 
pignan, some smaU districts bordering the Mediterranean, and the ter-s 
tiary deposits in Norfolk, called the Norwich crag. Seven hundred 
species of shells have been distinguished in this npper gronp, of which, 
more than half are analogous to living species. Of all the shells in the 
tertiary strata only thirteen species have been found common to alL It 
is a remarkable fact also that the living species which are analogous to 
those in the lower tertiary groups are the inhabitants of tropical seas fer 
distant from the places where their fossil types are deposited, whilst in. 
the most recent group the living species to which the fossils are analo* 
gous inhabit the neighbouring seas. 



CHAPTER IX. 

MIDDLE TERTIARY FORMATIOK. 



The difficulty of distinguisliing tertiary strata. — Suffolk crag. — Corresponding strafer 
extensively distributed on the Continent. — ^Mineral characters of the formation. — 
Proportions of recent to extinct fossil shells. — Geological period of the Suffolk crag 
determined by- position as well as by fossils. — ^The red crag. — Fossil remains of 
large quadrupeds. — Formation of the middle tertiary strata. — Deposition in the 
YaUey of the Danube. — ^The ages of volcanic lavas determined by enclosed fossil 
shells* 

It is extremely difficult to draw a distinctive line between the groups- 
of tertiary strata; for the land, freshwater, and marine formations are 
interpolated closely together and without dependence on similar deposits 
at the same periods, even in localities not far distant ; nor is it by any 
means easy to determine to which group any specimen may belong, espe- 
cially as it often happens that the npper tertiary beds occur resting im- 
mediately on the chalk or other secondary rocks, without any accompany- 
ing lower beds of the series. When the only sure test of suj^erposition. 
is absent, the best means that remain are the examination of the organic 
remains; and if the fossils in one isolated bed correspond with those of 
another, the relative position of which is known by the associated strata^ 
the comparative age may be inferred with great probability of correct- 
ness. 

In the arrangement which we have adopted, the lower group com-, 
prises the succession of marine beds in the London and Paris basins, frouL 
the plastic clay to the upper marine sands, and includes also the beds of. 
freshwater deposits which rest upon the sand in the Paris and Isle of 
Wight series. Those freshwater beds complete the tertiary formations, 
near Paris, and seem to constitute a boundary line between two periods 
sufficient to justify the consideration of the more recent depositions in a- 
separate chapter. It must be borne in mind, however, that the tertiary 
strata in different localities are so various, even when known to have 
been deposited at the same periods, that the periodical equivalent of a 
freshwater stratum in one part of a coimtry may be a marine deposition, 
in another. In such cases it is vain to look for similarity in organic 
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Temains, and the nearest approach to resemblance must be traced in tbe 
next occurring beds of the same kind of deposition. 

The middle tertiary (miocene) formation occurs in England almost 
exclusively on the coast of Suffolk, extending along the shore for forty 
miles, and it nowhere attains a greater thickness than forty feet. It is 
associated with the upper tertiary in Norfolk; and the deposits of shelly 
sands, pebbles, and marl, of which both are composed, have retained the 
name of crag, a provincial term signifying gravel. On the Continent the 
middle tertiary beds cover extensive tracts both of low land and of lofty 
hills, and constitute important geological features. They occupy a con- 
siderable portion of the west of France, filling up the basins of the Loire 
and the Garonne, they cover a great part of the valley of the middle 
Hhine, the whole of the valley of Switzerland between the Alps and the 
Jura, and they proceed towards the north-east from Switzerland, follow- 
, ing the course and partly occupying the valley of the Danube. They 
may be traced spreading into extensive series near Vienna and in Styriaj 
iihey occur again in the plains of Hungary, and in Poland and Bussia; 
they are met with in North and South Italy, and on the shores of the 
Mediterranean and in the South of Spain. As the successive beds of this 
-formation are exclusively marine, they point out extensive districts in 
"Europe which were covered by the sea at a period more recent than the 
chalk. 

The middle tertiary beds consist chiefly of a series of conglomerate 
sandstones and marls associated with lignite, and are often overlaid by 
coralline limestones. They are abundantly fossiliferous, and occasionally 
contain the remains of mammaliferous land animals. These general 
characteristics are, however, so frequently varied in different situations, 
and the rocks on which the tertiary beds rest are so different, that it 
would often be impossible to determine to what class of rocks they 
should be referred without a comparison of their fossil contents with 
those of living species. It is^ under such circumstances that the test of 
per-centage of recent shells, introduced by M. Deshayes and Sir Charles 
Lyell, to determine the comparative ages of the tertiary strata, proves of 
-great service ; and if not applied too rigorously and exclusive of other 
evidence, it may be reUed on with considerable confidenca 

The per-centage of recent to extinct animals in the fossil shells of the 
lower tertiaries is estimated to be only 3^ ; those of the middle tertiary 
beds at 17 per cent., and those in the upper formation at 45. Above 
these there occurs a still more recent deposit (newer pliocene), which 
'some geologiBts have termed the quaternary formation, that contains 
about 95 per cent, of living species. Resting upon all are diluvial and 
alluvial deposits, in which the fossil shells are almost entirely those of 
animals of species now living. These proportions are so widely different^ 
that when the characters of the fossil ^eUs are correctly ascertained 
there can be little hesitation in deciding to which of the tertiary forma* 
tions the specimen containing them belongs. It cannot, indeed, be 
expected, in such extremely various deposits, that a close correspondence 
can be observed in the relative numbers of the recent and extinct 
species ; yet the fiir greater prevalence of recent shells over those that 
are extinct will in nearly all cases serve to determine with which forma- 
tion any stratum is to be classed, especially if such test can be confirmed 
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hj correqKmding pecoliadtiefly m mineral stmctme and in the species of 
foBsLls, 'with, other rocks that have their asaagned podtions. Let us take^ 
lor example, the Norwich and SnfiTolk cra^ on which English geologists 
have hestowed great attention, as thej are almost the sole relics of the 
npper tertiaiy formations in England. The proportion of recent to 
extinct fossils in the Snfblk crag is estimated at about 17 percent, those 
in the Norwich crag at 45. As both these rocks rest on the chalk, they 
might, but for this disproportion in the number of recent and extinct 
species^ haye been conadered as belonging to the same formation, and 
both have been dassed with the lower tertiaries of the London basuk 
That difference in their fossUifiBrous characters, however, points out their 
distinction from the lower formation and £rom each other, and the 
eridenoe of superposition comes to confirm the inference of the relative 
ages of the rocks founded on the disproportionate numbers of recent 
shells. The Norwich and Suffolk crags are quite separate depositionfl^ 
and occur together only for a short space near Kamsholt. That point of 
junction shows the Norwich crag resting upon the crag of SufEblk, which 
is ample confirmation of the pei>-centage test of thdr respective agesL 
In some places the Suffolk crag rests directij on the London day, and 
£rom the nodules of iron, and from some characteristic fossils found in 
the red crag, it is conjectured to have been formed in a great measure 
from the washing away of that bed on the sea shora 

The Suffolk crag is divided into two formations, called the red and 
the coralline crag. The latter, which is the lowermost bed of the two^ 
is composed of calcareous sand, containing shells, corals, and sponges^ 
well preserved; the sand itself being chiefly derived from decomposed 
corals. The coralline crag extends for a length of twenty miles, and is 
about three or four nules in breadth, occupying the space between the 
livers Aide and Stour. The red crag is a rich shelly bed about forty 
feet thick, strongly coloured by iron. Along the line of coast where the 
crags are exposed they are generally covered with superficial deposits c£ 
day, sand, and gravel, which sometimes form diSs three hundred feet 
high, at the base of which the beds of crag may be seen : in other parts 
the crag is elevated on the shore, and may be examined through its whole 
ihickness. 

The proportion of recent to extinct fossils corresponds with the per* 
centage assigned to the middle tertiary formations, and as the compara> 
tive age of the crag formation can be distinctly traced by superposition, 
it serves, insignificant though it be in extent and depth, as a landmark 
to point out the positions of distant beds of greater territorial impor- 
tance ; and it becomes a standard of comparison to which the test of per* 
centage may be applied. 

The middle tertiary group is well represented in the valley of the 
Loire by extensive beds of shelly marl called "figJuns." Between Sologne 
and the sea they rest upon a regular succession of the older rocks; from 
gneiss, clay-slate, coal measures, and chalk, to strata corresponding with 
the upper freshwater beds of Paris. 

The &luns of Touraine agree with the shelly portion of the crag of 
Norfolk and Suffolk and their associated strata, in being deposited in 
thin layers. They often bear a strong resemblance to the red crag of 
Suffolk in colour, and in their decomposing state; and the shelly marl i^ 
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employed in the Tourainet^ as the crag is in Norfolk and Snffolk^ £ov 
mannre. Fosedl remauis of the mastodon are very abundant, and 
associated vith them are the bones of the palseothmiun, the hippc^po* 
tamus, the rhinoceros, the boar, the horse, and the stag, mingled 
together with those of the whale, the dolphin, the morse, and numerous 
species of fishes^ Some of the animated creatures of this, as of preceding 
periods^ were of gigantic size. Among the remams of fishes found in the 
Suffolk crag are the fossil bones of a shaik, from which it is inferred thai 
the living animal must have had a yertical gape of at least three feet^ 
and four feet broad, and an entire length of not less than sixty-five feet. 

The most remarkable of all the fossils of mammaliferoas quadrupeds 
found in the middle tertiary formation are a few bones of an enormous 
creature called the dinotherium, which is supposed to have been the largest 
of terrestrial animals. The most perfect remains of this species that hare 
yet been found were dug out of the middle tertiary beds on the banks of 
the Bhine, at Epplesheim ; but as they consist only of some bones of the 
head, a few teeth, and tusks, the exact form of the animal has not been 
determined. From an examination of these few bones it has, however, 
been ascertained that the dinotherium was an aquatic herbivorous 
animal, adapted to inhabit the banks of lakes, and that the body, of which 
the bones formed a part, must have been eighteen feet long. It had a 
short proboscis, and large curved tusks, fixed into the lower jaw, grew 
downwards like those of a walrus. Some of the few bones that have 
been discovered are represented in the accompanying woodcut. A crown 
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tooth of the dinotherium, found near Grenoble, was in as perfect a state 
of preservation as if it had been quite recent, the enamel being very haxd 
and brilliant. 

In the valley of Switzerland, from the northern base of the great 
mountain chain throughout the lower country, there occurs a soft green 
sandstone, called molassey which has been considered to belong to the 
middle tertiary period, but on this point geologists are not agreed The 
sandstone contauis few fossils by which its relative age can be determined. 
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and in some places the molasse is covered by Jura limestone and oolite, so 
that, if the whole of the green sandstone be the same continuous formation^ 
the Tnolasse must be removed from the class of tertiary strata and be placed 
among the secondary rocks. 

All the middle tertiary beds hitherto noticed are considered to bo 
marine formations; the occasional remains of land animals they contain 
being regarded as accidental deposits brought down by flooded rivers that 
emptied themselves into the bays and estuaries wherein the beds accumu- 
lated. But independently of i^ose partial indications of elevated land 
there are formations containing exclusively freshwater shells and remains 
of land animals, which have evidently been deposited above the level of 
the sea in detached lakes. The test of per-centage is not readily ap|di- 
cable to freshwater shells, as it requires local knowledge of the species of 
mollusca existing in the neighbouring lakes to determine the proportions 
of recent and extinct species, but in many parts of Eranoe they have been 
sufficiently examined to associate several of the local freshwater forma* 
tions with the middle tertiary strata. 

There is a class of rocks to which it might be presumed it would be per* 
fectly useless and absurd to apply the test of oonchology for ascertaining the 
geological period of their formation ; nevertheless, the same test by which 
the relative ages of marine formations are determined, has been successfully 
applied to discover the periods of volcanic eruptions. The lava and 
ashes of a volcano bursting out under the sea or on an island would cover 
imd entrap .the animals living in the surrounding water or on the shore, 
and in like manner the lava and scorias of an inland volcano would 
cover and enclose terrestrial products. These are frequently met with in 
volcanic countries, and shells have been collected in sufficient quantities 
to estimate the proportions of recent or extinct animals that existed at 
the time of the respective eruptions. Investigations of this kind must 
necessarily be imperfect, and from the smaller number of specimens col- 
lected and the injury sustained by sudden heat, any evidence deduced 
from them must be liable to error; but it would appear from the 
shells examined that they are mostly referable to the middle tertiaiy 
period 

We have deferred noticing the action of volcanoes until after the 
description of the regular succession of stratified rocks ; nor shall we be 
induced even by this ingenious classification of lavas with tertiary forma- 
tions to enter now into that interesting branch of our subject, further 
than to draw attention to the fact, that the history of former worlds has 
at successive periods been thus cast by molten rocks on everlasting tablets ; 
and that as the works of man in ancient times have been brought to light 
at Pompeii and Herculaneum from their tombs of volcanic aidies, and at 
Kineveh from tumuli of drifted sands, in like manner there may be ex- 
cavated from under the lavas of extinct volcanoes records of the condition 
«f the globe and its inhabitants thousands of ages before man was 
created 
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CHAPTER X. 

UPPER TERTIARY FORMATION, 

Complication of strata in recent geological periods. — ^The sub-Apennine hills. — Circum- 
stances of their deposition under the sea. — Subsequent elevation. — Depositions of 
marine shells on the summits of the hills of Eome. — ^Kecent character of the strata 
of Sicily. — ^Norwich crag. — Freshwater formation at (Eningen. 

As we approach nearer to that conditioii of the globe which immediatelj 
preceded the creation of living animalB, we not only perceive in the fossil 
remains of the former inhabitants of the earth a closer approximation to 
those now existing, but also a nearer distribution of them into those parts 
of the world where they now dwelL 

There are numerous indications of important changes having taken 
place after the deposition of the extended group of strata comprised in 
the middle tertiary formation. Those changes were not effected by sud- 
den convulsions; but they appear to have progressed gradually, by the 
action of external and internal agencies in different parte of the world at 
the same periods, so as to present no distinctive marks by which they can 
be divided into separate epochs. The comparison of extinct with recent 
species in the fossils of various strata— even admitting to the fullest extent 
the correctness of the principle and accuracy in the results of examina^ 
tion — can only be applied to test the relative ages of detached strata, 
and presents rather a gradual approximation to the present state than 
any breach of continuity that may serve as a distinguishing boundary. 

When the character of the strata depended entirely on local pecu- 
liarities, as those deposited after the chalk appear to have done, attempts to 
distinguish one formation from another by distinctive marks must in a 
great measure prove abortive, and the difficulty increases as we draw 
nearer to recent deposits. It has been already seen, that even the de- 
positions resting inunediately on the chalk are extremely various in their 
mineral structures and in their fossil contents, and that they differ greatly 
in the periods of their formation. When the land was raised from the 
bed of the ocean and the disintegration of the rocks which formed the 
subsequent depositions occurred — ^in some places in valleys, in others in 
•freshwater lakes, or in the estuaries of great rivers, and at the same time 
under the sear—* those contemporaneous formations must necessarily have 
varied with the circumstances under which they took place. When it is 
.considered that the debris of the rocks from which the tertiary strata are 
composed would be different according to the exposure on the surface of 
the different underlying beds, from the chalk to the granite, we shall see 
at once that it would be impossible there should be uniformity in the 
composition of tertiary strata, even at the same periods, in different loca- 
lities. If to these causes of difference, which must obviously have existed, 
there be added the gradual or sudden elevations of the land in different 
parts of the world — ^which geological investigations place almost beyond 
a doubt — ^we see reason not only why the mineral characters of rocks 
belonging to the same period should vary, but also why variations could 
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have occurred in the conditions sauted to animal life, by which the in* 
habitants of the same district and the proportions of species might be 
changed. It seems impossible, therefore, to establish anj satis&ustory 
diyision between the groups of strata deposited under such constantly 
varying circumstances; and though many geologists have made distinctions 
between the upper t^iary foimations and those which approach still 
nearer to recent pereods, we shall adhere in this respect to the system of 
M. Deshayes, and class all those regular fossiliferous strata that contain 
more than one half of recent shells with the upper tertiary formation. 

The most extensive deposit of upper tertiary beds of which there is 
any authentic account occurs in Italy. The Apennine mountains, which 
'branch from the ligurian Alps and extend down the centre of .that 
peninsula, have on the west and east accompanying ranges of lower hills 
called sub- Apennines. They have evidently been formed from the wash- 
ing down of the mountains ; which are composed of secondary rocks, and 
rise to a height of 8000 feet. The entire mass of the sub-Apennine hilb^ 
which in no place attain a greater height than two thousand feet, is of 
tertiary formation, with strata laid conformably on the sloping sides of 
the parent mountains. The general mineral structure of the beds con- 
sists of a brown and blue marl, sand, clay, and calcareous tuff, and they 
abound in marine shells; from which it appears that though they now 
occupy a very elevated position, they must at one time have formed the 
bed of the sea. Such an immense mass of matter would have required 
ages for its deposition; and from the differing character of the fossil shelis 
in the northern part of the sub-Apennine range, nearer the Alps, from 
those* in the southern elevations, it is supposed that they were raised 
gradually during a period suficiently long for a marked change to have 
taken place in the condition of animal life in the sea. 

Four separate periods of formation are said to be indicated by the 
fossils in the sub- Apennine range. Commencing with Piedmont, some 
middle tertiary beds occur; and proceeding southward, the upper tertiaiy 
formation presents itself in full force; and, as the neighbourhood of 
Vesuvius is approached, the proportion of extinct shells diminishes till 
the proportion of recent fossils is upwards of ninety per cent., and the 
strata are classed by Sir Charles Lyell with the tertiaries of Sicily, and 
called newer pliocene. 

As the range of the sub-Apennine hiUs may be considered the type of 
the upper tertiary formation, we subjoin an abbreviated description of their 
geological characters from Sir Charles Lyell's " Principles of Geology" :— 

'^ The most important member of the sub-Apennine formation is a 
marl which varies in colour from greyish-brown to blue. It is very 
aluminous, and usually contains much calcareous matter and scales 
of mica. It often esdiibits no lines of division throughout a con* 
siderable thickness; but in other places it is thinly laminated. In 
some of the biUfi near Parma, the marl attains a thickness of 2000 
feetj and is charged throughout with shells, many of which are such 
as inhabit a deep sea. They often occur in layers, so as to indicate 
their slow and gradual accumulation. They are not flattened, but are 
filled with marl. Beds of lignite are sometimes interstratified; subor- 
dinate beds of gypsum also occur in many places. The marl constitutes 
very frequently the surface of the country, having no covering of sand. 
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It is sometimes seen reposing immediately on the Apennine limestone; 
more rarely gravel intervenes. Volcanic rocks are here and there super- 
imposed, as at £adico&ni in Tuscany. Several of the volcanic tuf^ in 
the same place are so interstratified with the marls as to show that the 
eruptions took place in the sea during the older pliocene period. The 
other member of the sub-Apennine group, the yellow sand and conglome- 
rate, constitutes in most places a border formation near the junction of 
the tertiary and secondary rocks. In some cases we see sand and cal- 
careous gravel resting immediately on the Apennine limestone, without 
the intervention of any blue marl. Between Florence and Pc^gibonsi in 
Tuscany there is a great range of conglomerate of the sub- Apennine beds, 
which is seen for. eleven miles continuously. The pebbles are chiefly of 
whitish limestone with some sandstone. On receding from the older 
Apennine rocks the conglomerate passes into yellow sand and sandstone^ 
with shells, the whole overlying the blue marL" 

The preceding description of these extensive upper tertiary beds will 
apply in a great measure to all similar deposits. AJ%er the sub^ Apennine 
hills were formed and raised from the sea, they must. have been wasted 
by the disintegrating action of rivers and torrents even more .extensively 
than the harder rocks of the Apennines. Of this there are numerous 
proofe in the deep excavated valleys, surrounded by hills, on the tops of 
which there are deposits of fresh water shells and volcanic tuff. It must, 
therefore, be inferred that subsequent to the elevation of the sub- 
Apennines, lakes of freshwater collected in the hollows, wherein shells 
were deposited until the pent-up water burst its barriers and forced a 
course to the sea; and after a long succession of ages the beds of former 
Jakes became, by the excavating action of water, the tops of hills. It 
was in this manner that the seven hills of Home were formed, for they 
are capped with volcanic tuff and freshwater remains. It is from facts 
such as these that we acquire some notion of the immensity of time that 
has been occupied in effecting changes on the surface of the earth. Since 
the earliest historical records the river Tiber has flowed in its present 
bed, nor has the face of the country roimd Home been notably altered; 
i^ therefore, these enormous excavations were produced only by the con- 
tinued action of the causes that have been in operation for the last 2000 
years, it must have required countless ages to have worn away the 
mountains that once made valleys of the hills of Home. 

In Sicily, the upper tertiary strata of the most recent formation are 
exhibited in a striking manner in connexion with volcanic products^ 
being deposited in beds of great thickness, and elevated upwards of 3000 
feet above the level of the sea. About one-third of the island, in the 
northern and central parts, is occupied by these beds. 

The Norwich crag is of more recent origin than that of Suffolk, 
which &ct is determinable not only by its superposition in a few points 
where they appear together, but by the greater proportion of fossils 
identical with existing species, the recent fossils in the Korwich crag 
amounting to upwards of forty per cent. The remains of mammalian 
quadrupeds in that portion of the crag formation are very abundant, 
^ose of elephants especially being remarkably numerous. 

Near the coast, at Cromer, there is a submarine forest, which extends 
some distance into the sea, the trees standing upright as they grew. 
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Brandies of these trees^ and elephants' teeth, are often brought to the 
sniface by the fishermen^ when dredging for the oysters that now live on 
the alluvial deposit which rests upon and imbeds that ancient forest. It 
is stated by Mr. J. Woodward, in his "Greology of Norfolk," that npwai^ 
of 2000 teeth of mammoths have been dredged up off the Norfolk coast 
from the bed of lignite and lime underlying the <bift. 
• The upper tertiary formation, corresponding with the suh-Apennine 
beds, is extensively distributed in the Morea, in the islands of the 
Eastern Archipelago, in the south of Bussia^ and in the Yalley of the 
lower Ehine. These tertiary beds do not, however, contain similar pro- 
portions of recent and extinct species of fossils. Those of Sicily, and 
other volcanic regions, are more recent than any other marine forma- 
tions ; it being generally found that where the land has been frequently 
agitated and upheaved by volcanic agency, the proportions of recent te 
extinct species of shells are the greatest. 

The following table exhibits the per-<^ntage of fossil shells corre- 
spondinfiT with those of livini; species in the principal deposits of the 
&«y%rmation. ^ ^ P P- Po 



Sicily 95-0 

Italy 41-8 

Norfolk Crag 40*1 

SuflfolkCrag 00-0 

Vienna 28-2 

Baden 26*2 

Bordeaux . 22*9 



Touraine 22'7 

India 17-5 

Angus 15*0 

Eom3 7*5 

London 5*0 

Paris 3-4 



There is an extensive freshwater formation at GSningen, near Conr 
stance, which appears to belong to a more recent period than any of the 
marine tertiary deposits. The quarries worked in these strata have long 
been celebrated for the great number and variety of organic remains 
extracted from the rock, consisting of the fossilized bones of quadrupeds^ 
birds, £shes, reptiles, and plants. It was formerly supposed that fossilized 
buman bones were imbedded, but they have been ascertained to be those 
of an aquatic salamander. The strata are chiefly indurated calcareous 
marl and freshwater limestone. 

"No bones of elephants, or of other animals of tropical climates, have 
been foimd in the (Eningen beds; from which circumstance it has been. 
inferred that the temperature of that part of the earth had become much 
cooler before their deposition, and had approximated to its present state. 
In several other parts of Europe there are patches of gravel and 
freshwater depositions found resting upon the upper marine tertias^ 

formation. At Aix, in Provence, there is & 
group of tertiary strata remarkable^ for Ite 
S^/state of ^rvation of the organic «s 
mains of fishes and insects. The latter have 
their wings extended, and all the other delicate 
parts of their oi'ganization quite perfect. The 
accompanying representation of one of these 
in8ec^ apparently arrested in the act of wtdk- 
ing, is copied from Dr. Mantell's " Wonders ef 
(xeology." At Brentford, there is a bed of gravel in which nirnierous 
remains of mammoths have been found ; and at Greys Thurrock, in Essex, 
there is a freshwater bed more recent than the one at Brentford* 
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CHAPTER XL 

DILUVIAL AND ALLUVIAL DEPOSITS. 

IP^reBeni division of the earth into land and sea. — Change of climate. — Erratic blocks 
from dbstant mountains : their supposed transportation by glaciers. — Present 
physical features of England then determined. — Raised sea beaches. — ^The works 
of man imbedded in alluvial deposits. — Gradual elevation of the land. — Influence 
of alluvial depositions on the fertility of soils. 

Previous to the tertiaiy periods there are no indications that the 
sur&ce of the earth was divided into the continents, seas, and islands, with 
l)oandaries as they are now distributed. The greater part of Europe was 
oovered with water long after the chalk was elevated! Tertiaiy strata^ 
abounding in marine fossils, resting on elevated parts of the Alps and 
Apennines, show that those now lofty mountain ranges were then but 
pfldiiially if at all raised above the level of the sea. These marine depo- 
sitions serve clearly enough to indicate the tract of country covered by the 
sea at the commencement of the tertiary era, by which means it has been 
ascertained that all the eastern part of England, extensive tracts in the 
centre and in the south-west of France, the Auvergne, the northern part of 
Italy, nearly the whole of Belgium, and Denmark, and Hungary, with 
the principalities of Wallachia and Moldavia, the north of Germany, and 
by far the greatest portion of Russia, were covered by water since the 
commencement of the deposition of the older tertiary strata. The eleva* 
iion of the land after that period seems to have been generally conformable 
to the present geographical divisions of the globe ; though hills and valleys 
and islands have been formed by the subsequent alluvial or volcanic de- 
positions and by the erosive action and transporting power of water and 
ice. There is evidence, in the numerous and large accumulations of 
alluvial matter, that after the deposition of the tertiary strata great 
changes took place on the surface of the earth, and that a long period 
elapsed before the creation of maiL The climate of the northern part of 
the globe, which had been sufficiently hot for the growth of tropical plants 
and for the existence of tropical quadrupeds, became, there is reason to 
believe, as cold as the arctic regions ; and during that frigid time, which 
has been called by some geologists " the glacial period," floating icebergs 
and shifting glaciers brought down from the mountains masses of stone, 
severed from the rocks by the expansive action of frost, and spread them 
in the forms of immense blocks, boulders, gravel, sand, and loam, over 
the lower l^illa and plains to a distance of a thousand miles. Immense 
blocks of granite scattered over the plains of Russia and Poland corre- 
spond exactly with the granite of Lapland; and masses of gneiss, sienite, 
trap, and porphyry that are found in Pomerania^ Holstein, and Denmark, 
correspond with rocks of the same character in Sweden and ]^orway; 
and at no nearer point than in the mountains of those countries do any 
Tocks like them occur. In the country near the Alps blocks of enormous 
magnitude, that have been detached from the higher mountain peaks are- 
deposited on the tops of other mountains of less elevation, at distances 
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many miles apart. Hound the Lake of Greneva, at heights of two thousand 
and three thousand feet, masses of rock have been deposited from the 
higher Alps, which are altogether distinct in mineral character from the 
mountains on which they rest. Nor are similar instances of "erratic 
blocks," as they have been termed, of rare occurrence in this couutry* 
A most remarkable block of this kind, weighing ten tons, has been de- 
posited on the top of the Pentland Hills, at a height of eleven hundred 
feet above the level of the sea ; the nearest rock of a similar kind from 
which it could have been detached being at a distance of fifty miles. 

It may appear incredible that such masses of stone should have been 
transported to the places in which they are found from fer distant moun- 
tains; but if we admit the agency of ice it may I'eadily be accounted for 
by what is seen going on at the present day. Icebergs have been ob- 
served in the Antarctic regions loaded with masses of rock and earth, 
estimated at not less than fifty thousand tons weight. These icebergs 
were floating northwards and melting as they approached the equator, 
and they would ultimately deposit their loads of rock and earth on the 
bed of tiie sea. Evidence of tihie transporting power of glaciers is to be 
distinctly seen in the valleys at the foot of the Alps. Masses of rock de- 
tached by the frost from the exposed precipices fall upon the glaciers, 
where they are collected in great masses. By the gradual descent of 
the glaciers the ice is brought within the melting temperature, and the 
loads of rock are deposited in the valleys, where they form masses called 
moraines; and these are being continually worn down and carried away 
into the lower valleys by mountain torrents. The masses of ice descending 
with their loads of sharp-pointed rocks cut lines on the sides of the ravines 
against which they rub in their descent, and this action, continually pro- 
gressing at different levels, in the course of time carves out series of 
parallel furrows which produce a striated appearance. Similar marks 
are observed to be impressed on the surfaces of the erratic blocks, and 
are attributed to this grinding action during their passage down the 
mountain ravines, till they were launched on their glacier ships into the 
sea, and borne to the spots where they are deposited. 

There can be no doubt that these erratic blocks were generally detached 
from far distant mountains, for they are not only altogether different from 
the rocks whereon they rest, but none like them are to be found for 
hundreds of miles, whilst they exactly agree in mineral structure and 
fossil contents with the distant rocks to which they are attributed. 

The geological period at which these extraordinary depositions took 
place may be also indicated. The blocks are not imbedded under any 
of the regular marine formations, but are found lying on the surfece, 
most frequently resting on tertiary beds; from which fact we are enabled 
to determine that the agencies, of whatever kind, that effected these 
mighty movements of rocks, were exerted at a comparatively recent 
geological period. There is evidence, also, in the limitation of the 
^ drift" to certain districts, that the main features of the country, its 
mountain ranges and its valleys, were at that time nearly the same as at 
present. For instance, the debris from the Cumberland mountains of 
Ravenglass and Muncaster have been clearly traced along the west of 
the chain of hills that extends along the centre of England from York- 
shire into Somersetshire, but they are not perceptible on the eastern 
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side ; from which it appears that the water or ice that bore along that 
qiiantity of matter was confined to the west by those lofty hills. A 
similar limitation of the drift, though probably occurring at a latar 
period, is witnessed in Warwickshire and Gloucestershire, where the 
quartzose pebbles that have been detached from the Bromsgrove Lickey 
are spread over the sur&ce of the country to the Cotswold hills, where 
their course has been stopped, excepting at two points, which, being 
lower than the rest, permitted the drifb to pass through, and to be 
scattered on the other side. The cliffs on the coast of Norfolk and 
Suffolk consist for the most part of clay, loam, and sand, partly stratified 
and partly not, among which occur pebbles of granite, porphyry, lias, 
and chalk interspersed. The granite and porphyry must have been 
transported there from Scandinavia, at the same time that the blocks of 
gneiss and porphyry were spread over the plains of Pomerania and 
Denmark, whilst the lias and chalk were derived from hills not far 
distant. 

Geologists are not agreed as to the nature of the agency by which 
the blocks and " drifb" that cover the surface of almost every country in 
the north and south were deposited in their present positions, but all 
concur in opinion that the matter was derived from the debris of hills 
and moun^ins more or less distant. Those who suppose that the 
materials were transported by ice, which would best account for the 
phenomena, are met with the difficulty of accounting for the change of 
climate, from one suited to the existence of numerous elephants and tigers, 
and other quadrupeds that now inhabit hot countries, to a climate as 
rigorous as that of Iceland. It is conjectured, as a means of overcoming 
this difficulty, that after the tertiary formations, the mountains were 
much higher than they now are, and that there was high land in the 
Arctic regions, the elevation of which would cause a great diminution of 
the temperature. The subsequent lowering of the mountains by dis- 
integration or general depression, and the depression of the land in the 
Arctic sea, have, it is supposed, moderated the climate to its present 
state. On the other hand, the geologists who imagine that the blocks of 
stone were removed by violent agitations of water, and thus carried to 
distant lands, have no less difficulty in explaining the cause of such 
convulsive disturbances; and they have the still greater difficulty to 
surmount, of accounting satisfactorily for the deposition of enormous 
blocks of rock on the summits of high mountains. The glacial, or ice 
theory, seems the more probable of the two; and if a long succession of 
ages be granted for the deportation of the drifb, before the land was 
raised to its present elevation, the floating icebergs might have carried 
their freights of rocks, without supposing any great diminution of the 
temperature of this part of the globe. 

The accumulation of gravel and sand on the sea-shore, which has been 
subsequently raised by the gradual elevation of the land, is another means 
by wluch superficial deposits have been formed. There are numerous 
instances of this kind in which the raising of the beach is clearly indi* 
cated to have taken place within recent times by the discovery, among 
the gravel and sand, of specimens of man's handiwork. In Norway and 
Sweden there is evidence that the land has for many years imdergone a 
gradual upheaving, at the rate of about five feet a century; the elevatioa 
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being greater tov&rda the north than in the southern parts. On thO 
coast near Stockholm there are horizontal beds of sand, loam, and m&rl, 
containing shells of species identical with those of animala now living in 
the Baltic, and imbedded among them have been found parts of a ship 
that wss built before the use of iron wea known. The upper layers o£ 
these diluvial beds, which have been once a portion of Uie ^ore, are now 
raifled sixty feet above the sea level There b a peculiarity in tbeao^ 
beds of shells which gives them additional interest, as they serve to 
prove that at the time they were lying on the beach the Baltic was then, 
as it is now, a land-locked sea. In consequence of its narrow outlet of 
commumcation with the German Ocean the vater of the Baltic is 
not so salt aa the sea, but only brackish, and contains only one-fourth 
the proportion of salt that is held in solution by the water of the 
ocean, and the shell-£sh that inhabit it are of the species peculiar to 
bracMah water. These distinguishing characters are observed in the 
fossils contained in the raised beaches, and by the contbrmatioiL of 
those fossil shells geolc^iste are thus enabled to throw light upon the 
physical geography of 1^ globe at the earliest periods that it was 
inhabited by man. 

It is in volcanic countries, however, that the most remarkable elevit- 
tions of the sea beach and beds of rivers are observed. In the bay of 
Fumoli, not far from Naples, there are strata of mi^r itiB formation, raised 
to a height of twenty feet above the level of the water, which contain 
fhtgrnenta of pottery mingled with shells. The latter retain their colour, 
and are all of them of the same species that are now living in the neigh* 
bouring seas. In the more immediate neighbourhood of Naples there are 
be^ of the most recent marine 
"s- *•■ formations raised to a hei^t of 

fifteen hundred feet In the 
Anvei^ine, a district of extinct 
volcanoes, there occur interest- 
ing vestiges of beds of gravel, 
covered with lava, lying one 
above tiie other to a consider- 
I able height. The section, fig. 49, 
represents the positions of these 
alternate bedsof lava and gravel. 
There are three alluvial forma- 
tions represented, at different 
'ghts J one on a level with 
j the bed of the river, the second 
I elevated above it, and the third 
raised to a height of 700 feet. 
The uppermost bed of gravel consists of pebbles of granite brought down 
from the surrounding mountains without any admixture of lava; in the 
second and third gravel beds pebbles of lava are mingled with the primary 
rocks ; irom which it may be inferred that the deposition of the uppei> 
most gravel, which onoe formed the bed of the river, was anterior to the 
existence of volcanoes in the Auvergne, though they have been extinct 
since the period of authentic history. 

On the coast of Peru, which is a highly voloaiuc country, Mr, Darwin 
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found pieces of cotton thread, plaited rushes, and Indian com, imbedded 
in strata of gravel and sand at a height of eighty feet. At Guadaloupe 
the sandy b^h has been raised and consolidated into a sandstone rock 
on which was found imbedded a human skeleton ; the specimen was 
brought to this country, and is to be seen in the British Museiun. These 
raised beaches indicate clearly enough that they were at one time on the 
same level as the sea^ and it is sometimes a disputed question whether 
the land has been raised or the sea depressed. That the land has been, 
and continues to be subject to elevations and depressions is a fact made 
known by observations within recent times, and which all geological evi- 
dence directly confirms. A depression of the bed of the sea would of 
course lower the surface level, but in such case the recession of the water 
would be general, and the sea would not, as it is known to do in 
our own island, be gaining on the land in one part and be receding 
in another. This irregularity of effect shows that the cause is to be attri- 
buted to the movement of the ground near the shore. 

The deposit from the ruins of the hills and mountains spread so exten- 
sively and abundantly over the surface of most lands has sometimes been 
called the " boulder formation ; " and its extent, and its importance, as 
marking a distinct change in the condition of the globe, give it a claim to be 
considered as something more than as a superficial covering of other strata. 
The term diluvial deposition has been applied to the great masses that 
were transported from distant mountains whilst the land was under water. 
Those beds of sand, loam, and marl which have been spread over the 
surface by the action of rivers and torrents since the land was raised to 
its present elevation, above the sea, are called aUwoicd deposits, though 
the terms are sometimes employed indiscriminately to indicate all super- 
ficial covering of the regularly stratified formations. 

The alluvial deposit is that part of the earth's crust to which geologists 
pay least attention, yet it is the most important to man, as serving for the 
growth and nourishment of the plants and vegetables on which he depends 
directly or indirectly for his sustenance.. Though the examination of the 
soil and its adaptability to the support of vegetable life pertains to the 
agricultural chemist rather than to the geologist, yet as those soils are 
constituted firom the ruins of the rocks whose successive formations and 
elevations have been his study, he cannot look without interest at what 
may be considered to be the ultimate result and object of all geological 
chuiges. When rocks contain in their compositions a due proportion of 
silex, clay, and Hme, they fiimish soils whose fertility may be said to be 
permanent. The most fertile districts in England were made so by 
Kature. 

In the foregoing descriptions of the diluvial deposits we have pur- 
posely omitted to notice the accumulations of the bones of hyenas, tigers, 
elephants, and other animals found in caverns in this and in other 
countries, because they are altogether superficial and constitute no portion 
of regular depositions. They are, however, extremely interesting as indi- 
cations of the character of the inhabitants of the earth at the period 
immediately before the creation of man, and they will form an important 
subject for consideration in a subsequent part of this volume when we 
notice the inhabitants of former worlds. 

G 
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CHAPTER XIL 

VOLCANIC BOCKS. 

General character of volcanic rocks. — ^Basalt ; its compositioii and structure. — ^Ba8alti<r 
columns at the Giant's Causeway. — Crystallization of basalt. — ^Porphyry. — Dis- 
tinction between it and granite. — ^Basaltic dikes: their ejection from beneath. — 
Composition of lava and trachyte: their resemblance to basalt. — ^Ptunioej volcanic 
taS, and obsidian. — Other volcanic products. 

We have avoided interrupting the description of the regular succession, 
of stratified beds by noticing the igneous rocks which are interspersed 
among and frequently overlie them. These rocks constitute important 
geological features in many countries^ where they form ranges of hiUs oi^ 
cap the highest mountains; and they are more or less abundant in all 
parts of the world. They are generally known as " trap,'* or basaltic 
rocks^ but they assume great varieties of appearance^ and undergo changea 
in structure according to the different circumstances that have attended 
their fusion and refrigeration. The leading characteristic is their igneoua 
ori^n. In composition they are nearly aUied to the primary rocks; the 
distinguishing difference being, that they were ejected firom under thd 
^ur&x2e after most of the other beds had been deposited, and they are 
the newest rocks with which we are acquainted. Though granite forms 
the foundation on which all other rocks rest, and basalt lies upon the top 
of all, the two rocks are nevertheless so closely allied that they sometimes^ 
blend one into the other. 

It is imneoessary to perplex the geological student with particular 
descriptions and the special names of the various modifications of volcanic 
rocks, since nothing but dose examination of specimens would enable 
"him to fiistingiiifih several of these varieties; we shall, therefore, only 
notice those which are the most important and which present easily di&> 
tinguished differences. 

The chief constituents of all volcanic rocks are felspar and horuT 
blende. The former, it will be remembered, consists principally of siLex, 
alumina^ and potass, in the relative proportions of 63, 17, and 13^ with a 
small quantity of lime and a trace of iron; whilst hornblende has, ii^ 
addition to sUex and alumina^ greater proportions of oxide of iron and 
lime, and sixteen per cent, of magnesia. Basalt, the most important of 
the volcanic rocks, contains a much larger proportionate quantity of 
^umina than either felspar, or hornblende, with less magnesia than the 
latter, and a nearly equal quantity of oxide of iron. It has a greenish, 
or brownish-dark colour, is very difficult to break, but is not so hard as 
to resist the point of a knife. The structure is crystalline, and it melts, atf 
a great heat, into a black glass. The iron in basalt becomes more oxidise^ 
by exposure to the air, and it thus acquires a reddish-brown colour OA 
the surface. Basalt frequently occurs in thick beds overlying other rocks, 
having been thrown over them in a molten state, as if erupted fix)m a 
volcano. These beds of basalt frequently assume a columnar structure 
exhibiting a crystallized arrangement on a large scale, the prisms having 
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softLetimes Rve sides, sometiines six, seren, or eight, and dccasionallj'only^ 
three sides. 

In the north of Ireland, and in the Hebrides, magnificent basaltic 
zanges of columns are laid bare on the difib of the sea coast. The 
Oiant's Causeway present? one of the most remarkable displays of 
natural pillars, which may be seen along the coast of Antrim, from 
Fairhead to the promontory of Bengore, a distance of eight miles> 
Some of these pillars are one hundred and fifty feet high, and five feet in 
diajneter; but at the part to which the. name of the Giant's Causeway is 
often limited the columns are not so large. The range of basaltic rocks in 
Antrim extends for a length of forty miles, and occupies a superfidal 
extent of 1000 square miles; the average thickneas of the mass being 
f 40 feet. The foundation rock on which this basalt rests varies in 
different places from chalk to lias and green-sand; and the oolumna^ 
with their basements in front, attain a height of 1800 feet. This range 
of basaltic rocks, it is conjectured, passes eastwards imder the sea to the 
Hebrides, where Fingal's Cave, in the Isle of Staffa, is scarcely less 
celebrated than the Giant's Causeway. 

The columnar form is not general in basaltic rocks, and in many 
parts even of the Gicuit's Causeway there is no appearance of crystalline 
arrangement, the basalt being what is termed ''amorphous.** Tlie crys- 
talline structure of basalt seems to have depended on the circumstances 
under which it was cooled from a state of fiision. In some experiments 
conducted by Mr. Gregory Watt, on the fusion and refrigeration of 
basalt, he succeeded in producing the columnar arrangement. 

Basalt is deposited on the sunmiits of hiUs in many parts of England 
and Scotland; and though it occasionally overlies the transition rocks, 
it most frequently has been ejected among and over the rocks of the 
secondary formation. It occurs, indeed, in all parts of Europe ; but the 
most extensive mass of basalt, and of the volcanic rocks closely allied to 
it, occurs in South America. The general arrangement of the Andes is, 
according to Humboldt, the same as the Alps up to a height of about 
11,000 feet; but over the granite, gneiss, and clay-slate, there are piled 
up immense masses of basalt and porphyry, that attain a height of 
22,000 feet above the sea, and are arranged in regular columns, which, 
when seen at a distance, appear like the ruins of enormous castles. 

The volcanic rocks most closely allied to basalt are clinkstone (so 
called fcovoL its sounding like metal when struck), pitchstone (containing 
bitumen), greenstone, and wacke, all of which may be considered merely 
as various modifications of basalt, since they have the same character•^ 
istics, nearly the same mineral composition, and a similar structure. 

The next distinctive volcanic rock is porphyry. Any compact rock 
that contains large separate crystals imbedded in it is called a porphyry; 
but the term is sometimes limited to a small grained dark-coloured 
granite, containing large distinct crystals of felspar. This kind fr«* 
quently passes into granite, frmn which it is principally distinguished by 
the large felspathic crystals. Another kind of porphyry, called amyg- 
daloid, still more closely connected with volcanic rocks than ordinary 
porphyries, consists of a base of basaltic rock, with enclosed crystals of 
quartz. The volcanic origin of the latter rock may be traced in recent 
lavas, which are sometimes filled with cells, as if gas had been generated 

o2 
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and had escaped in bubbles whea tbe mass was partially cooled, and the- 
molten matter not sufficlentlf liquid to close up the cavities made by 
tbe escaping bubbles. In tlie amygdaloidal rocks, these cells have been 
filled up bj Buccessive depositions of dliceous matter, held in solution I^ 
tJie 'water that percolated through them. ' 

The foregoing belong to the older dasa of Tolcanio rocks, 'which 
overlie and are overlaid by the sttatjfied rock formations, and were 
fbrmed at periods long before any active or known extinct volcanoes. 
Bespecting their igneous origin, though at one time disputed, there is,' 
we believe, no longer any doubt. There are no perceptible craters 
through which the melted matter has been thrown, but the continuous 
lava current* can be traced extending downwards to an unknown depth, 
A section of a basaltic dike, connected with an overlying bed of basalt,- 
is exposed to vieV in a quany near Bolam, in Cleveland, described by 




Professor Sedgwick, (aid shows clearly that the basalt has been ejected 
through the lunestone from some source of molten matter beneath, which 
lies too deep to be penetrated. 

The dislocations in strata which obstruct the operations of miners hare 
been before briefly noticed. They have been occasioned generally l^erup- 
tions of volcanic matter through rente in the iwdis, which have raised the 
strata on one ude and depressed them on Uie other. The dikes are most fre- 
quently filled with basalt, and its molten state at the time of eruption is 
i^tparent in the effects produced on the contiguous strata. When a basaltic 
dike passes through a seam of coal, the coal is often converted into soot, 
and at a farther distance it becomes coke, as it would be if acted on by 
great heat rmder pressure, and excluded from the atmosphere. Where 
chalk and limestone have been penetrated by the melted mass, they 
become indnrated, or crystalline ; and all other rocks are more or less 
changed by the heat to which they have been exposed in immediate con< 
tact with the basalt. The largest basaltic dike in England is one that 
extends from the west of Durham, in a waving line through the Cleve- 
land billa in Yorkshire, to the coast between Whitby and Scarborough 
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into the sea^ and it may be seen on the snrfiwie through a great part of 
that range. The length of this dike is estimated at sixty miles, and ia 
its course it outs through the carboniferous limestone, the coal measures^ 
und the upper secondary strata. Another extensive basalt dike crosses 
the county of Durham from Allenheads to Burtreeford, which has thrown 
down the strata on the west side of it ne less than 160 yards. 

In some places, basalt is found lying interposed between strata 
horizontally, resembling a stratified bed of rock; and from this circum-* 
stance those geologists who attributed the formation of all rocks to 
sedimentary depositions concluded that basalt had been deposited from 
aqueous suspension. A more careful examination of such basaltic beds 
has, howeyer, tended to confirm the opposite opinion of their igneous 
origin. The section, figure 51, which represents horizontal basaltic beds 
in the Isle of Skye, shows clearly that basalt has been forced horizon- 
tally through rents made in the rocks, for it terminates in streams at a 
distance &om the dike, to which it can be traced. 

• 

fig. 61. 




The distinguishing difference between basaltic rocks and the products 
of recent yolcanoes consists in the comparative lightness and porosity of 
the latter. This difference in texture is attributable to the circumstance 
that basalt has generally been erupted at the bottom of the sea, under 
great pressiire, and not on the surface, with the pressure of the atmor 
sphere alone upon it. 

That basalt was erupted under great pressure may be inferred both 
from geological and mechanical evidence. In the first place it has been, 
ascertained geologically that the rocks over which it has been thrown 
were formed under water, and for the most part in a deep sea; and the 
fact that the rents through which the basalt was ejected are also filled 
with it, without any breach of continuity, affords evidence of pressure in 
the superincumbent mass when in a liquid state. Had the basalt been, 
ejected from a crater into the atmosphere, there w;ould have been, as in 
the case of recent volcanoes, spaces left between the erupted matter and 
the passage through which it was forced out, caused by a recession of the 
molten mass when the impelling force became exhausted. But supposing 
the eruption to have taken place under great pressure, when the impul* 
sive force diminished or ceased to operate, the continuous liqxdd current, 
though stopped in its course, would either remain where it was elevated 
till it became solidified, or, if it receded, the superincumbent melted basalt 
would be pressed down again and prevent any cavity from being formed 
between the stream of lava and its deposited bed. 

If we include among the older volcanic rocks all those that have been 
obtruded in a melted state through the superincumbent strata^ even 
granite would have to be placed among the nivnber^ for veins of that rock 
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Itre to be seen at Grlen Tilt in Scotland, as before noticed, and in other 
granitic districts, which have been forced through the adjacent rocks just 
like dikes of basalt and mineral veins. Granite does not, however, occur 
overlying other rocks in extensive beds, as we meet with basalt ; but 
porphyry and sienite, which may be considered as different modies of 
granite, occupy such positions; and it may be inferred with a degree of 
probability t^t the eruption through the other rocks and the process of 
cooling on the surface have changed the mineral structure, and that the 
sources whence overiying porphyries and sienites are derived might havo 
been molten grajiite. 

The recent volcanic rocks which can be traced directly to the craters 
of volcanoes, either active or extinct, are composed principally of felspar 
and a modification of hornblende called augite; the distinction in the 
proportion of those two minerals constituting the distinctive dif* 
ferenoes in the products. The solid volcanic rock lava^ if it contain a 
large proportion of augite, becomes dark coloured, and resembles basalt in 
all respects but in being more porous. "When felspar predominates the 
lava is called " trachyte," the term being derived from Tpcucvc, because 
it feels peculiarly rough. Trachyte is of a lighter colour than basaltic 
lava^ is commonly* greyish, and varies in its structure from a coarse 
grained, to a close grained, compact, and crystalline mineral; its hardness 
varying with its compactness. The lavas of Vesuvius scarcely differ 
from basalt. They are often porphyritic, and extremely compact, 
especially in veins caJled dikes, and are not inferior in hardness and in 
specific gravity to basalt. 

Pumice is a well known volcanic product, of a white colour, and so 
Hght that it swims upon water. In chemical composition it does not 
vary from trachyte, the peculiar fibrous and porous texture having been 
acquired by some peculiar circumstances attending its fusion and subse* 
quent cooling. 

Yolcanic tuff, or tufo, is a composite product that occurs abundantly 
in the neighbourhood of volcanoes. It is formed from the decomposition 
Of trachyte, which crumbles into fine particles, and mingling with frag-* 
ments of pumice and volcanic ashes constitutes a conglomerated mass that 
f$ frequently found on the sides of volcanic mountains, concealing from 
view the underlying rocks. 

In some volcanic districts there occurs a black vitreous substance 
ctJled obsidian, produced by the melting of lava. Though vitreous in 
appearance, it possesses none of the translucent properties of glass. It is 
harder than that material, and strikes fire with steel. 

Scarcely any three substances could be more dissimilar in appearance 
tiian ^va^ pumice, and obsidian, the principal products of volcanic 
eruptions; yet chemical analysis proves that their component parts are 
nearly the same. Wben, therefore, we perceive that the same materials 
can be formed into such different looking minerals, varying greatly also 
iii their degrees of hardness and specific gravities, by merely different 
arrangements of their particles through .the agency of heat, the minuter 
shades, which, in other cases, scarcely (£stinguish one kind of volcanic rook 
from another, seem to be undeserving of notice. All that is essential to 
be known is, that the mineral is a volcanic product; the varied terms of 
basalt, greenstone/ lava, clinkstone^ and several others only expressing. 
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modifications of the same substance caused by differences in the fusion 
And refrigeration. 

In addition to the stonj products of volcanoes there are some other 
substances of less abundant oocuirence. Sulpljiur is found in the craters 
of recent and of extinct volcanoes, encrusting the sides in considerable 
quantities. It appears to have been emitted in sulphurous vapours and 
condensed v^thin the craters at times when the volcanoes were in a 
dxunbering state imd not emitting sufficient heat to set the sulphur on 
fire. Sulphurous acid gas is one of the known exhalations of volcanoes^ 
and it is probable that the sulphur inside of craters has been concreted 
from that source. The sulphur of commerce is obtained almost entirely 
from Sicily, Italy, and from the extinct volcanoes in the Auvergne. 

Iron forms a part of most lavas. It presents itself separately as a 
volcanic product in the peculiar form of brilliant laminae, called specTilar 
iron, which bears a high polish. Great varieties of minerals are found in 
the lavas of Vesuvius. " It is an extraordinary fact," observes Sir Charles 
LyeU, " that in an area of three square miles roimd Vesuvius a greater 
number of simple minerals have been found than on any spot of the samo 
•dimensions on the surfiMse of the globe."* 
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S^TXctnre of metallic veins. — ^Fissures in focks caused by shrinking. — Inteneeting^yeins 
of different ages. — ^Veinstone. — ^Different metals in the same vein. — ^The levds at' 
whkdi different metals ore foimd. — ^Affinities of metals for specifio rocks. — Grotd- 
found near the surface. — ^Theories of metallic veins — ^Wemer^s^ Huttom's, and the ^ 
thermal-water theories. — ^Probable effect of sublimation. 

Is the preceding descriptions of the rocks that constitute the earth's 
crust no notice has been taken of any of the metals, vrith the exception 
of iron. None of the other metals can be considered to constitute parts of 
rock formations, for they are merely interspersed in irregular veins 
through the substance of the beds wherein they are found. These verns 
are fissures, or cracks, in the rocks, of various widths, from a few inches 
to several feet; extending laterally for considerable but very irregular 
distances, and vertically they generally reach as far as it has been hitherto 
possible to trace them. The fissures are supposed to be natural cleavages 
in the rocks, occasioned by their shrinking when cooling from a melted 
or greatly heated state, and to have been afterwards filled with metallic 
ores and other minerals. 

It might be supposed that if the fiissures in the rocks were produced 
merely by their shrinking, the metallic veins would be generally distri- 
buted through all the cleavages, and be Hmited in continuity of direction 
•to each separate bed. But instead of being thus scattered and broken. 

* Principles of Gieology. 
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into drmtonB, they contiinie through eeveral different rocke, and gene- 
rally observe, in England at leaat, a direction from east to west. Thia 
in BO common that those veins vrMch traverse in opposite directions are 
called by the minora " cross courses," and are seldom very productive. 

Veins, when they run in different directions, frequently cut through 
one another, and at the points of intersection the beds are generally disr 
tnrbed and lifted up on one side, in the same manner as -when a basalti« 
dike has been forced throu^ them. In figure 52, d, c, c, represent tvo 

fig M 




metallic veins mtersectmg each other and disturbing the strata at their 
junction. In this case the vein d seems to have divided the ve n c, c, 
vtuch IS raised on the side over which the ntersectmg ve n inclines, as it 
would be if separated by a &ult The effect m sudi cases is, indeed,- 
most probably to be attributed to previous disturbances of the strata 
-which have caused rents in the rocks that have been subsequently filled 
With metaUic ore or other mineral matter 

The ore is not deposited in veins directly against the rocks they tra^ 
verse. There is always a lining, or veinstone, as the miners call it, to 
the vein to form a matrix for the ore. These linings are not exclusively 
peculiar to the rocks nor to l^e metals, but they seem to be affected by 
the conditions of both. Frequently layers of clay occur on each side the 
ore, which is often intermingled with the veinsttme. From the structure 
of many veins, it seems as if the ore and the veinstone had been deposited. 
at euccessive intervals one upon the ot^her. In the course of a vein that 
traverses different kinds of rock, not only does the Itning change, but tho 
contents sometimes change from one metal to another, at different depths. 
Iron, copper, cobalt, and silver ores, succeed each other in the same vein* 
in some of the mines in Saxony j and in France there are mines in whicli 
copper appears at the lowest point of the vein, with silver above it, and 
iron ore on the top. In the copper mines of Cornwall, zinc and copper 
frequently occur in the same vein, the zino being uppermost and generally 
exteoding but a short depth ; tin also is sometimes found in the upper 
parts of veins which contain copper lower down; and in instances of 
rare occurrence, alter working through the tin into the copper, tin agiun 
oocutB, and continues to the lowest parts of the mine. 
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When veins of tin and copper intersect, the copper usually cuts 
through the tin, from which it may be assumed that tin was, in such 
cases, an older formation than the copper. It cannot, however, be stated 
as a general fisust, that tin is an older metal than copper, for they some- 
tiiaes occur together in the same vein. There is, indeed, little certainty 
i6Bpecting the relative ages of metals, and, in some instances, veins of 
nmilar metals intersect each other. Sometimes veins *^ belly out," as it 
ifl called by miners; and in other parts they divide and meet again as 
represented at A and b in fig. 52, Nearly all the metals, with the excep« 
tion of iron, are limited in range to the primary and transition rocks; 
those which have been either fused, or subjected to great heat after 
having been deposited from aqueous suspension. It would appear, 
therefore, that intense heat has been a necessary condition in the forma* 
tion of metallic veins. 

Though all the metals are found in the rocks underlying the secondary 
formation, some metals appear to have a greater affinity to peculiar rocks, 
and are scarcely found in any other in sufficient abundiajice to be worked. 
Gold and silver are found in quartz, gneiss, porphyry, sienite, and slate, 
€k>ld is also foimd in the sands of rivers, where it has been washed down 
from its depositories in the primary rocks. SUver is frequently associated 
with lead, which abounds most in the carboniferous limestone. Tin is 
almost confined to granite, and is seldom worked in other parts of 
England than in Cornwall, where it has been obtained since the earliest 
records of English history. 

The gold in Australia and California occurs in quartz veins, and the 
large quantities procured from those districts have been hitherto obtained 
on the sur£su$e, or not £eu: beneath it. It is the opinion of miners, in 
which some eminent geologists agree, that gold is not to be found at 
great depths, and that when the quantity scattered near the surface has 
been collected, the source of supply will be exhausted. 

The formation of mineral veins has affi>rded matter for much specula- 
tion, nor are geologists as yet agreed respecting the mode by which the 
fiflsoreB were made in the rock% and the manner of their being filled 
with metallic ores and other minerals. It was the opinion of Werner — 
who attributed all rock formations either to mechanical subsidence fr^m 
aqueous suspension, or to chemical deposition frx>m solutions — ^that mineral 
veins were natural fissures in the rocks, which were subsequently filled 
by deposition. This hypothesis, which held its ground for a long time, 
was combated by the opposite one, maintained by Hutton, that all veins «^ 
ware filled with melted matter ejected from below, and that in many 
cases the force with which the molten flidd was ejected formed the 
passages in the rocks in which the metallic substances are found. 

Yalid objections can be urged against both these hypotheses. If the 
minerals had been deposited from solution, and the fissures had been 
filled from above, it is reasonable to suppose that the metallic ores would 
have been deposited on the suri^ice as well as in the cracks of rocks ; and 
that all fissures, however small their extent, if opening to the surfiu>e, 
would have been filled with metallic matter, instead of the veins being 
limited, as is generally the case, to fissures that penetrate to untraceable 
depths. There are aUo imdeniable evidences of the action of heat in the 
Mpaxation of the less oxidisable metals, so that even allowing deposition 
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to have heea tibe principal source whenoe the Teins Veie filled, there ar» 
maziy hcts connected with the condition of mineral substances, whiob 
indicate clearly the subsequent agency of heat. 

Yeins sometimes temunate upwards in thin streamis, (represented at b 
in figure 52), which do not reach the sur&ce, but widen as they descend. 
It seems difficult to reconcile such a formation with the hypotikesis that 
the veins were filled from above. It sometimes, though rai^y, happens^ 
on the other hand, that the veins contract as they descend &om the 
surfece, and terminate in streams, as shown at a in the same diagram. 
It is equally difficult to reconcile that structure with Hutton's hypo^esifl^ 
that veins were all filled from below. The occurrence of different me- 
tallic substances in different parts of the same vein is opposed aUke to 
either of those hypotheses. 

Neither the Wemerian nor the Huttonian theories will account fi>r 
all the observed phenomena of mineral veins, and the hypothesis now in 
&vour with geologists is, that the mineral contents of veins were held in 
solution in thermal waters injected from below, and that they were 
deposited by chemical or voltaic action. Thermal waters, it is well 
known, frequently contain large quantities of mineral matter, and the 
filling up of cavities in rocks by calcareous substauces is an occurrence 
that is now daily taking place. Silica, too, is often found in a state of 
chemical change that a£nits of its solution in water, and by this means 
the veins of quarts of calcareous spar, and other earths in a crystalline 
form, might have been deposited. From experiments that have been, 
made to ascertain the power of voltaic electricity in eliminating crystals^ 
and even precious gems from earthy solutions, there can be no doubt ih&t 
voltaic agency might assist the deposition of minerals as well as of metals 
from aqueous solution, if we admit that a sufficiently active voltaio 
current could be formed by the contiguity of the different metals con* 
tained in rocks. The observations and experiments made by Mr. Henwood 
in Cornwall, tend to prove that voltaic currents are active in the metallic 
veins in that district; and if we suppose the rocks to have been sob* 
merged at the time of the formation of those veins, there might have 
been a continuous flow of thermal mineral water through the fissures in. 
I^e rocks which would mingle with the sea water on issuing from the 
cavities, and thus prevent any deposition of mineral matter over the 
saifaca It must be observed, however, that the mineral waters at 
present known contain scarcely any metallic substance excepting iron. 

Another source whence the mineral veins might have been filled has 
not received sufficient consideration. If it be admitted that those rooks 
wherein metallic veins most abound were at one period in a state of 
fusion, at a heat greatiy exceeding that of the fusing point of metals^ it 
m highly probable that long after the outer crust of the globe had become 
solidified, mineral and metallic vapours permeated the fissures in the 
rocksy and condensed on their sides, assuming different forms, and 
depositing themselves in separate parts, according to the drcumstanoes 
of condensation and the nature of the fissures through which the vapoozs 
passed. 

If we assume these mineral vapours to have issued firom the fused 
mass beneath, they would not enter into other fissures than those through, 
which there was a passage to the sur&oe; and during condensation each. 
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xaetal would have a tendency to be deposited at separate levels^ and in 
association with distinctive rocks. It may be observed, also, in support 
of this hypothesis, that those metals which have the least affinity for 
oxygen, such as gold, platinum, silver, copper, and tin, would be most 
likely to be found in a state of purity, and those are the only metab 
which occur &ee from combination with oxygen or other substances. 

It will foe observed irom the foregoing statement of the different 
opinions that have been and are entertained respecting the formation of 
inetallic veins, that the question is stiQ open to discussion. It seems 
probable that in this, as in many other geological theories, several of the 
assigned causes have operated at different times; that whilst the deposi* 
tion from solution in thermal waters may in many cases have filled, or 
partially filled, fissures in rocks with mineral substances, the metals 
and metallic ores may have been injected or condensed from the vapour 
of fused masses situated at great depths below the surface. 



CHAPTER XIY. 

VOLCANOES, EABTHQUAEESy AND HOT SFBINGS. 

Sztmct and active volcanoes. — Volcanic craters. — Etna and its many craters — Great 
eruption of 1669. — Movement of lava. — ^Volcanoes near Naples. — Destruction of 
Herculaneum and Pompiaii. — Present crater of Yesuviiis. — ^JSlevation of volcamo 
islands and mountains. — Earthquake phenomena. — The great earthquake at 
Lisbon. — Earthquake in Calabria. — ^Hot springs. — ^The Geysers of Iceland : their 
formation and action. — Theories of volcanoes. — Geographical ranges of volcanoes 
and earthquakes. 

Thb eruption of molten matter, hot ashes, and masses of rook, acoom* 
panied by smoke, vapours, and lightning,' from the summits of high 
mountains, and sometimes from rents in their sides — ^the flow of hot 
springs and the ejection of boiling water, and convulsions of the earth 
that destroy and swallow up cities and mountains — ^are the most striking 
phenomena connected with the physical condition of the globe in opera* 
tion at tiie pres^xt day; and they clearly point to the continued action 
beneath the surface of powerful agencies capable of producing important 
changes on the solid crusk of the globe. The phenomena of volcanoes 
are especially interesting to the geologist, since they serve to prove the 
agency of iieat in the formation of rocks, and to point most clearly to 
the mode by which extensive ranges of rocks, destitute of organio 
i^emains, have been superposed on strata of geologicdly recent age. Having 
this clue to guide him, the geologist can distingmsh, by their conical 
forms and hollowed summits, extinct volcanoes in various parts of the 
world where volcanic action has been dormant for ages before the creation 
of man, and he is no longer at a loss to account for the occurrence of 
jgneous rocks resting upon and intermingling with tertiary strata. 

Modem volcanoes are generally situated near the sea, their summits 
are usually conical, bearing the appearance of having been formed by the 
depositions of volcanic ashes ejected from the oriflces at the top, called 
graters. These Graters are of prodigious size, being sometimes upwarda 
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of three miles in circumference. IntemaUj, the sides axe steep, sloping 
down regularly. The bottom part of the craters, when not in a state of 
activity, is solid, and there are several small cones within, from which 
volumes of smoke and vapour frequently issue. In volcanic mountains 
of a great height the eruptions of liquid lava seldom take place fr^m the 
principal crater at the summit, but the molten matter issues either 
fix)m rents in the sides of the mountain^ or from smaller craters formed 
iat lower elevations. 

The principal active volcanoes in Europe are Etna^ Yesuvius, and 
StromboU, in the extreme south, and Hecla and other surrounding 
mountains in Iceland, in the north. 

The eruptions of Etna are noticed among the earliest historical records. 
It is stated by Diodorus Siculus, that before the Trojan war, 1200 
years before the birth of Christ, the inhabitants of Sicily were compelled 
to desert a great part of the island in consequence of the destruction 
caused by an eruption of Etna ; and between the colonization of Sicily 
by the Greeks, and the commencement of the Feloponesian war, in the 
year 431 B. c, three destructive eruptions occurred. Etna itself is, 
indeed, the historian of its own antiquity, its age being impressed in 
imperishable characters by fossil shells of extinct species imbedded in 
the layers of its successive lava currents. 

The mountain of Etna rises above the sea in a magnificent cone, 
11,000 feet high, and its grand proportions are not diminished by any 
surrounding eminences. The base, which is almost circular, is eighty* 
seven miles in circumference. The whole mass is composed of volcanic 
matter, which, from the porosity of its structure, has evidently been 
erupted above or near to the surfisice. The moimtain is divided naturally 
into three distinct regions. The lowest one is richly cultivated with 
vineyards, olives, fruit trees, com, and aromatic herbs, and extends to 
a height of 2500 feet. Then the temperate zone commences, and forms 
a belt round the mountain, covered with forest trees, which extends to 
the height of 6280 feet. At that elevation the frigid zone begins, which 
is entirely barren, and is for the most part covered with eternal snows. 
From the circle of snow near the top, the steep conical crater rises, 
covered with scoria3 and sand, to a height of 1100 feet. A multitude of 
minor cones are distributed over the flanks of the mountain, which are 
most abundant in the woody region. There are about eighty of these 
secondary volcanoes of considerable dimensions. 

The accompanying view of the interior of the great crater of Etna is 
reduced frt>m a drawing in Iieut.-General Cockbum's " Sicily and the 
Lipari Islands.*** 

* Lieuienant-Greneral Cockbum ascended the mountiun in the middle of the month 
of November, and gives the following description of the scene and of the difficulties of 
the ascent : — " On arriving at the foot of the cone of the great crater, having ridden 
the last three miles through snow, we found Jemelara's house buried in it, just enough 
of the top visible to show there was a house there ; breakfast was, therefore, out of the 
question. It was impossible to ride farther, so here we left the mides, and proceeded 
on foot for a mile through snow and over slippery rocks of lava. There are enormous 
masses of lava, and the space between them, in many parts, so deep that, summer or 
winter, you must take a long step from one to the other ; in other parts, we often simk 
to our middles in snow. We at last got over this terrible passage, and arrived at the 
bottom of the steep cone. This part is all covered with cinders and ashes, but from the 
heat of the volcano there is no snow at present. Here the difficulty of asoendkig;, and 
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The first great emption of Etna of which there is a distinct record 
took place in 1669. The symptoms of an approaching eruption are 




nsnally an increase in the smoke, which sometiuies rises to a great height, 
branching out in the form o£ the pine trees that grow on the sides of 
the mountain. Loud explosions, like the tiring of cannon, are heard after 
the increase of the smoke, and are succeeded by showere of stones ejected 
from the crater. For several months before the great eruption of 1669, 
the crater at the summit of Etna yraa observed to send forth quan- 
tities of smoke and £ame ; the cone of the crater had fallen in, so that 
the mountain was considerably lowered, and the volcanic islands of 

the labour and fiitjgue, aie very great. The ur is bo pure and mrefied that it afiecta 
theloi^, and we lost oar breath every &ve minutea. We were obliged often to aciamble 
on all fours, Blipping down freqnently man? feet in the looae aahea, I was the first of 
our partj to reach the aummtt, and gave three cheers. The sudden view of this 
immense gulph is terrific at first, and restly past description. We saw most distinctly 
to the bottom of thi« wondeiful and immense crater, which containe several minor 
monntidtis and their craters within it ; some smoking like the most yiolent glass-house 
or ateam works. The ground waa here very hirt. A descent into the crater, if the 
ground is as hard aa it appears to be, wouid have been this day perfectly practicable, 
but our time did not admit of the experiment. The crater often changes its form : oa 
tiie side which we first approached the descent was perpendicular, but the opposite 
aide went down by a gradual slope. On stirring Uie loose ashes, the smoke comes out, 
and the groond feels very hot ; if scraped a little, so much a/i to bum. On this steep 
part I lay flat and put my bead over the precipice, and took some hot miuetala out of 
. the crater." 
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Stromboli and Volcano, to the north of Sicily, "were observed to rage 
more than usual Eighteen days before the eruption the sky was ver^ 
lowering and dark, with thunder and lightning, firequent concussions of 
the earth, and dreadfiil subterranean noises. An earthquake levelled to 
the ground all the houses in Nicolosi, a town situate^ about twenty miles 
from the summit, and ten from the sea at Catania. Two rents opened 
near Nicolosi, from which sand and scorisB were thrown in such quantities 
that in the course of three or four months a double cone was formed, 
called Monti Bossi, about 450 feet high. A fissure six feet broad, and 
of imknown depth, opened with a loud crash, and extended in a tortuous 
course to within a mile of the great crater, for a distance of twelve miles. 
It emitted a most vivid light Five other fissures, parallel to the first, 
afterwards opened, one after the other, and emitted smoke and produced 
bellowing sounds that were heard "at the distance of forty miles. The 
great rent that was first opened appeared to be filled up with molten 
matter, and a crater opened near Monti Bossi, which poured out a pro> 
digious current of lava. The lava, after overflowing fourteen towns and 
TiUages, arrived at the walls of Catani, which had been purposely raised 
to protect the city. The molten current, however, accumulated till it 
rose to the top of the wall, which was sixty feet high, and then ML over 
it in a fieiy cascade, and destroyed a great many houses. !nie wall, 
howBver, resisted the pressure of the molten mass against it^ and was 
long afterwards discovered imbedded perpendicularly in solid lava^ which 
may now be seen curling orer the top of the rampart as if it were 
arrested in filling. The oorrent of lava thrown out during tkw eruption 
covered an extent of eighiy-foor square miles, and the number of cubic 
yards was estimated to be 140,000,000. 

The district round Naples has been celebrated for its subterranean 
fires by historians and poets from the remotest ages of antiquity. Vol- 
canic eruptions are mentioned by early historians as having driven the 
inhabitants from the island of Ischia, 300 years before the Christian era^ 
but no notice was taken of Vesuvius, which is now the principal centre 
of volcanic action, until the year 79 a.d. Before that period the sides 
of the crater of the seemingly extinct volcano were grown over, with 
trees and there was a sterile plain in the centre. During the insurrec- 
tion raised by Spartacus and the Gladiators, kc. 71, in the commence* 
ment of their insurrection they took refuge in the crater of Vesuvius, 
which afforded them a secure retreat. At that time the ccaie was of a very 
regular form, terminating with a flattish simmiit, and the ancient crater 
was nearly fiUed up. On the exterior, the mountain was covered with 
fertile fields richly cultivated. At its base were the populous cities of 
Herculaneum and Pompeii ; the former situated at a distance of about 
£re miles from Naples, and Pompeii seven miles ferther. An earth- 
quake in the year a.d. 63 did considerable damage to those cities^ and 
from that time slight shocks continued till the month of August, 79^ 
when they became more severe, and the first recorded eruption took place 
on the 24th of that month. 

The elder Pliny, who commanded the Boman fleet at Misenum, went 
on shore to have a nearer view of the phenomenon, but the shower of 
ashes was so thick that he was compelled to retreat under cover. On the 
following day; when he attempted to ascend the mountain, he was suffb- 
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cated by thd sulphurous fumes, and his nephew, the younger Pliny, who 
remained in his ship, saW him falL During this eruption, a dense volume 
of vapour was first observed rising vertically from Vesuvius, and then 
spreading itself out laterally, like the branches of a pine tree. Through 
this black cloud were seen flashes of Are as vivid as lightning, succeeded 
by profound darkness. Ashes fell as far as the ships at Misenum, and 
caused a shoal in one part of the sea; the ground rocked and the sea 
receded from the shore, and many marine animals were lefb on the 
fiand.* 

Vesuvius is a small mountain compared with Etna, therefore it is 
more liable to be altered by the eruption of large masses of matter from 
its crater ; and there is reason to suppose that at the period of the great 
eruption of 79, Vesuvius was considerably higher than at present. Great 
alterations in the size and form of the crater have, indeed, taken place 
within the last forty years. The great crater, until the year 1822, had 
been gradually filling up by the rising of lava from below and the scoriae 
from numerous small eruptions, so that it resembled a rough plane inter- 
sected with fissures from which vapours were emitted. In 1822 there 

* Of the fate of HeFculaneum and Pompeii, which were buried during this eruption, 
no mention is made by Pliny, who fully describes the active phenomena of the volcano ; 
and those cities were so vaguely noticed by other historians, that the accounts of 
their existence and destruction were supposed to have been fabulous^ until they were 
accidentalljr discovered in the beginning of the last century. More than one-fourth of 
the city of Pompeii is now cleaned out, and it is ascertained that the walls of that 
ancient city were three miles in circumference. The state of preservation in which the 
things are found is very remarkable. Even manuscripts preserve their forms, and 
have been partially deciphered ; writing on the walls, and the names of the occupiera 
of each house, written over the doors, are distinctly legible, and the colours of fresco 
paintings in the interior of buildings are as fresh as if recently painted. 

One of the curious facts revealed by these excavations is, that at the time the cities 
were buried imder showers of volcanic ashes, the inhabitants were engaged in repairing 
the damages done by the earthquake which occurred sixteen years before. Inscrip- 
tions on temples, both in Herculaneum and Pompeii, announce that they had been 
rebuilt after the earthquake. The walls of the houses in Pompeii are in many places 
i«nt open, aind columns are lying on the ground, only half hewn, intended for temples 
that bad been partially repaired. The pavement is in general undisturbed, and consists 
of flags of lava hewn from currents that had in ages previously flowed from Vesuvius; 
and two deep ruts, worn by the passage of carriages, are curious indications of the great 
carriage tn2£c through the narrow streets. The small number of skeletons, and the 
few intrinsically valuable portable articles that have been found, prove that the destrucr 
tion of the cities vras not sudden, but that the inhabitants had had time to escape and 
carry with them their most valuable treasures. In the buildings for the soldiers at 
Pompeii were the skeletons of two men chained, and in the vaiuts of a house in the 
suburbs were found the skeletons of seventeen persons, who it may be supposed had 
fled there to escape from the showers of ashes, and were either suffocated or over- 
whelmed. The material in which they were imbedded was indurated tuff, and the form 
of a woman with a child in her arms waa imprinted distinctly in the mass. On the 
skeleton of the woman was found lb gold chain^ and riQgs set with jewels were on the 
finger bones. 

Among the interesting reHcs which show the condition and civilization of the inhd- 
bitsnts, and the state of preservation of perishable articles, may be mentioned publib 
fountains decorated with shells ; a collection of shells, arranged in the room of an artist, 
comprising a great variety of Mediterranean species, in perfect preservation ; fish- 
ing nets were abundant ; and in a fruiterer's shop in Herculaneum were vessels full 
of almonds, chesnuts, and walnuts. A carbonized loaf was found in a baker's shop 
with his name stamped upon it, "Eleris Q. Crani Riser," and on an apothecary^ 
counter were a box of pills and a cyUndrical roll, evidently intended to be divided into 
pills. 
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-was B. Bucceasion of explofnons, vMcIt lasted twenfy dajre, daring Nrliidi 
not onl^ -van the accnuiulated material ejected, bnt a lai^e portion of tbe 
cone of the crater vas carried a'way, so that the mountaui was lowered 
from a. height of 4200 feet to 3400 feet A gulf was left after tiiis 
eraption 1000 feet deep and three-quartera of a mile acrofls in ita longest 
difuneter. 

Monnt Somma, which is now a separate mountain, is conjectured 
to hare at one time formed part of the original cone of Vesuvius. The 
diagram, fig, 54, represents a section of the crater of VesuTius and of 

fig.M. 




Somma, and shows the alteration which Sir Charles Lycll supposes to 
have been efiected in it by the earliest known eruptioiL The cone * re- 
presents Somma, which is now distinct from Vesuvius; and a, a, the 
great crater left by the eruption of 1822, within which is the small cone 
thrown up in 1828. There is a terrace^ d, encircling the base of the pre- 
sent cone on the south side, and the dotted lines mark the supposed form 
of the cone of Vesuvius before that side was thrown down. In the 
opinion of the distinguished geologist Von Buch, however, Somma was 
elevated by subterranean force, and is distinct from the ancient crater of 



The physical phenomena attending the eruptions of all volcanoes are 
nearly the same as those we have described to have occurred during the 
great eruption of Etna, though the matter ejected varies in character and 
in quantity. Scorise, ajid what are called aahes, and sand, are only dif- 
ferent forms of lava, which is altered in condition by the circumstances 
of ita eruption ; for tlie sudden explosions disperse the liquid matter into 
the air and disseminate it into small particles. Molten ^va is seldom if 
ever ejected in a mass far above the brim of the crater, and most fre- 
.quently its pressure burets through the sides of the mountjun before 
rising to the crater at the summit. 

Occasionally volcanoes break out under the sea, and eject volumes of 
ashes and lava sufficient to rise to the surface and form islands. The 
lipari islands to the north of Sicily are all volcanic, and present the 
appearance of having been raised from the bed of the sea. The most 
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romarkaUe of these are Stromboli and Volcano. The Toloano of Strotn- 
boli, represeaited in the frontispiece, ima beea in a. continued state of 
aotivitj for many centuries, and accounts of its eruptions are given 
by ancient historians three hundred years before the Christian era. It 
produces no flow of lava, but at intervals of about ten minutes tiirows 
up quantities of stones and ashes, the greater part of which &U back 
again into the crater.* 

The island of Volcano, which lies a few miles south of Stromboli, is 
also in an active state. For the accompanying sketcih, taken from the 
hill near the ancient baths at Lipari, we are indebted to Lieut.--Genen>l 
Cockbum's work belbre quoted. 



Before the great eruption in Iceland in 1783, which continued almos 
without intermission for six years, a submarine volcano burst forth 
thirty miles from the island, and ejected so much pumice that the water 
was covered with it to a distance of 150 miles. An island with preci- 
pitous cli£[s was elevated from the sea, and emitted fire, smoke, and pumice. 



the iBlaud in Dnter to see the. valcano. We cuoe oppoaite uid just under it, uid Isjd 
to near an hour to look at it. There waa a, neat emoke and a furious Gre. About 
every ten minutes the mountain grumbled, and a small eruption tooli place, which, for 
its beauty and Biugularity, amply repaid the trouble of the voyace." 

On the following moruiug be Bscended ^~^" Hie mouutun of Stromboli iavety steep. 
The day waa hot, and the ascent very difficult ; far more bo than Etna. I was often 
obliged to rest, hut detetmined not to give up if I could only get three yards at a time. 
Some places are very rough, and have large looHa rocks and sooriie, which add to the 
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This ifiHand inui claimed by the King of Denmark, who called it "Njiie, 
or the new island, but within a year of its appearance this addition to 
the kingdom of Denmark descended into the ocean, and a reef of smiken 
rocks was the only indication where it had been. 

Kor are these phenomena confined to the sesL Sometimes, in volcanic 
oofontries, high hills are raised up in a few hours from plains. The most 
remarkable instance of this kind, of which there is a distrnot record, was 
the elevation of Monte Nuovo, near the Bay of Baise, in the Phlegrean 
fields. After premonitory symptoms of two years, during which fire- 
quent earthquakes disturbed the neighbourhood of Puzzuoli, on the 28th 
of September, 1538, the earthquakes rapidly increased in violence and 
number, and in the night of the 29th a gulph opened, and a large fissure 
approached the town, with a terrific noise, and began to discharge 
pumice-stones, blocks of unmelted lava and ashes, mixed with water, and 
occasionally flames. The sea retired suddenly for two hundred yards, 
and a portion of its bed was left dry. On the 3rd of October the erup- 
tion ceased, after having raised up the hill now known as Monte Nuovo, 
which has a deep crater in the middle. The height of the hill is 440 
feet above the level of the bay, its base is about a mile and a half in cir- 
cumference, and the depth of the crater is nearly equal to the height of 
the hill. The whole neighbourhood is highly volcanic, and the hill 
stands partly on the site of a lake which was the crater of an extinct 
volcano. 

In various parts of the world the evidence of volcanic action is veiy 
apparent, and volcanoes, either dormant or active^ aro found associated in 
connected links, which have been termed volcanic bands. An extensive 
band of this kind fltretches in the shape of a borse-shoe nearly across the 
Pacific, including Sumatra, Java, and New Guinea, and thence extend- 
ing northwards to the Philippine Tslands. A amilar band extends 
through the Greek Islands &x>m Pores in the north-west to Santorin 
in the south-east A range of active or dormant volcanoes passes firom 
the southern extremity of the American continent to the nortiiem, along 
a line of 6000 miles^ including some of the loftiest mountains in the 
world, among which the volcano of Popocatapetl, in Mexico, pours lava 
ftt)m its summit 17,000 feet above the level of the sea. In Kamschatka, 
Greenland, and Iceland, among perpetual ice, these fiery mountains 
abound ; in the Canary Islands, the Peak of Teneriff sends forth its 
column of smoke ; in the Azores, in the West India Islands, and in the 
Islands of the Indian Sea, there are volcanoes active or dormant ; and 
tiiough little is known of the geology of Asia and Africa^ that little is 
sufficient to show that in those continents volcanic action has also been 
in extensive operation. 

difficulty ; and in other places the loose cinders are so steqp, that out of five Btepa three 
are lost. It took us more than three hours to get to the top of StrombolL The 
crater is lower down on the side of the mountam, and people go to the top in oider to 
look down upon it. There are two craters, but small, and erery ten minutes, or 
quarter of an hour, there is an eruption, with a grumbUng n<HBe like thunder, from the 
largest. At one time the wind cleared away the smoke for a few minutes, and 1 dis- 
tinctly saw into the craters ; one had positively the appearance which I was desired to 
remark — ^viz., the volcanic matter seemed red hot, as if boiling in a large pan, and the 
moment it rose to the top an eruption took place." In the evening me adventurous 
traveller attempted to dunb the mountain from the side fiusing the sea, but after being 
twice struck by the showers of stones, he was glad to effect a retreat to his boat 
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Volcanoes are generally preceded by convulsive mov^nents of the 
ground, accompanied by loud subterranean noises. When the lava finds 
vent the convulsions usually cease, and the more s:tadking effects of the 
fiery eruption make the premonitory earthquakes seem to be merely 
accessory occurrences. It seems, however, from the cessation of earth- 
quakes when volcanoes burst forth, as if the pent up internal forces 
^und vent through these openings ; and that instead of regarding earth- 
quakes as accompanying incidents of volcanoes, they should be consi- 
dered as the primary phenomena of which volcanoes are only tJie 
results. 

In historical records, eartiiquakes have precedence to volcanoes. A 
very complete ^Catalogue of ^Recorded Earthquakes from 1606 b.c. to 
A.D. 1850," has been compiled with great industry by Mr. R. Mallett^ 
at the request of the British Association for the Advancement of Science, 
the first part of which has been published in their proceedings. From 
this catalofinie it appears that upwards of 1900 earthquakes have been 
x^corded Z. the Sest times lown to the great eaxtSquake of IM>on, 
in 1755 : and of course nimierous others must have occurred, especially 
in ancient times, of ^hich no i^coidiemains. 

It has been remarked that earthquakes are generally preceded by a 
long continued drought, and that for a few days before any shock is felt^ 
the sun looks red, meteors and the aurora borealis are more frequent, 
the barometer generally £slQs suddenly, and a sensation of dread pervades 
most animals, which is perceived in their looks, and by the utterance <:^ 
cries of fear ; and in man the sensation of searsickness has been expe- 
rienced. 

Earthquakes are &r more destructive in their effects than the most 
violent volcanic eruptions ; and though the latter present the most im- 
posing appearance to the eye, the sensation of awe and dread must be &r 
greater during the visitation of a violent earthquake. Imagine, for in- 
stance, the inhabitants of a city roused from their slumbers by loud 
subterranean noises like the discharge of artillery, and before they have 
recovered from their consternation, to feel the ground trembling under 
them, to see all moveable things thrown down, and the walls of the 
houses tottering and falling. They rush into the street to avoid the 
danger, but they can no longer maintain their footing ; they are thrown 
on the ground, where they lie appalled by the sound of falling houses 
and the shrieks of the sufferers, and are half suffocated with dust. If 
they seek for refuge near the sea-shore, an immense wave comes roaring 
in, threatening to sweep all before it ; or perhaps, what is still more 
dreadful, the earth opens with a deafening sound, and swallows up every 
thing within range of the yawning gulf. 

The destruction of life and property that occurred in remote periods 
of history exceeded that of the great earthquake at Lisbon, in 1755, 
which is referred to as the climax of conviQsions in modem times. Asia 
Minor and Constantinople were frequently desolated ; in India, in 893, 
an earthquake destroyed 180,000 persons; at Tabriz, in Persia^ 50,000 
were killed by an earthquake in 1040 ; and in 1727 another earthquake 
in the same city destroyed 77,000. Calabria and Sicily have often suf- 
fered most severely. China also has been many times visited with earth- 
quakes, and during one which occurred in 1731, 100,000 persons were 

h2 
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killed in the city of Pekm alone, and a mtich larger number were 
destroyed in the surrounding country. 

The island of Jamaica has been several times remarkably conyulsed ; 
the ground heaving and opening in a more violent manner than has been 
noticed during earthquakes in other places. In 1692, an earthquake 
happened which in two minutes destroyed the town of Port Royal, at 
•that time the capital of the island, and sunk the houses in a gulf forty 
&thoms deep. In many places the earth opened and closed again, and 
continued this agitation for a considerable time. In some of these open* 
ings the people were swallowed up at once ; in others, the earth caught 
fhem by the middle and crushed them to death; whilst others, more 
fortunate, were swallowed up in one chasm and thrown out alive frouL 
janother. 

The great earthquake at Lisbon commenced on the 1st of November, 
1755. The day before, the sun was obscured by a remarkable gloom in 
the atmosphere. Early in the morning of the fatal day, a thick fog 
arose, which was soon dissipated by the heat of the sun. No wind was 
stirring, the sea was calm, and the temperature about 70°. At thirty- 
five minutes past nine, after a sound as of thunder underground, the 
earth shook with short but quick vibrations, which threw down many 
houses. After a momentary pause, the direction of the motion was 
changed, and the houses were tossed from side to side. This second 
shock laid almost the whole city in ruins, and destroyed 60,000 of the 
inhabitants within six minutes. The most extraordinary incident 
-during the shock was the sinking down of a new quay built entirely of 
marble. A great concourse of people had collected there for safety, 
but suddenly the quay sank with all the people on it, and not one of 
the dead bodies ever floated to the surface. A number of boats that 
were anchored near the quay, all filled with people, were swallowed up 
as if in a whirlpool No fragment of these wrecks ever appeared, and 
the water on the spot where the quay formerly stood is 100 fathoms 
deep. The sea came in three times to an extraordinary height, each 
wave succeeding a shock. It continued ebbing and flowing in great 
agitation the whole day and next night. 

Besides Lisbon, which was utterly ruined with the loss of 12,000 
houses, most of the towns and villages of Portugal experienced more or 
less damage, though Oporto escaped uninjured. The earthquake was 
also felt very severely on the northern coast of Africa. Near Morocco 
a mountain opened and swallowed up a village with 8000 or 10,000 
people, and soon afterwards closed over them. In Spain the shocks 
were very severe, and the greater part of Europe felt their effects ; even 
in the West Indies there were oscillations of the ground. Nor were 
the convulsions of the earth limited to the first day. For many days 
during the month of November and December severe shocks continued ; 
and one, on the 8th of November, threw down some of the houses in 
Lisbon that had withstood the former shocks. 

Calabria has been a severe and very firequent sufferer from earth- 
quakes, but aU previous ones were surpassed in importance by that 
which commenced in 1783, and was renewed at intervals for four 
years. During that time the phenomena of the shocks were carefully 
noted by several scientific persons, some of whom were deputed by the 
king, and by the Royal Academy of Naples, to examine the facts and 
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record their observationa. The first shock, felt on the 5th of Febraarr, 
1783, threw down in two minutes the greater part of all the towns and 
villages from the westem flanks of the Apennines in Calabria to Mesaina. 
Another occurred on the Sth of March, of nearly equal violence. The 
effect was but little felt in the chain of granite mountains which range 
from north to south of Calabria, and seems to have been confined to the 
recent strata resting upon them. The shocks are stated to have been 
propagated with a wave-like motion from east to west, and to have been 
most violent at the junction with the granite. The effects of the earth- 
quake in altering the level of the ground in places where fissures occurred 
were oaroiidly noted and drawings taken, from which it appears that the 
ground was sometimes on the same level on both sides of new ravine^ 
but sometimes there had been a considerable elevation or depression. In 
some cases the strata had shifted their positions to the extent of ten feet 
The most remarkable instances occurred in the town of Teiranova, 
where a large circular tower of solid masonry, which had withstood the 
«hock, was divided by a vertical rent, imd one side was raised and the 
foundations heaved out of the ground, as shown in fig. 56. On each aide 



the walls were found to adhere firmly to each other, so that the only 
sign of their having been disunited was the want of correspondence in 
the courses of stona. In this effect a close resemblance is perceptible to 
■a fault or slip in the strata, so often met with by miners.* 

Hot springs may be regarded as intimately connected with volcanic 
phenomena. They generally occur along ranges of volcanoes, either 
active or extinct, or in places where the disturbances of the strata give 

* Tboogh Qreat Britun haa hitherto possessed a h>pp7 ::Qiiiam^ &om the terrible 
effects of euihquak«a, they have been by no meana uncomraon in different paitu at tha 
kingdom. Id Mr, Malletfa " Catalogue of Recorded EartLquakea," England ia oltei 
mentioned u the seat of their visitations ainoethe year 1275, which is the first one noted ; 
.bnt the recorded pbenomenB are ludicrously insignificant when contrasted with the 
deatmotiTO effects m other places. Whilst in other countries in Europe and throughont 
the world the visitations of earthquakes are accompanied by the destruction of cities snd 
titeiT inhabituils, earthquakes in England have been of tha most harmless kind. With 
-the exception of the first one, in 127S, in which "many of the mostfiunous churdieB 
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proofe of internal igneous action. The principal liot spcingB in England 
are those of Bath, Bristol, Buxton, and Matlock. The waters in those 
places have maintained for a long period nearly nniform temperatores^ 
which circumstance indicates that the cause of heat is deeply seated, 
though most probaU j the temperature of the water is considerably dimi- 
nished as it approaches the sur&ceL The temperature of the Badi ther- 
mal springs is 112^ that of Bristol 80^ of Matlock 66% and of Buxton 
82% whilst the waters at Aix-larChapeUe and Carlsbad are respectiyely 
143°andl65^ 

In Iceland, where the springs acquire a boiling temperature, they 
exhibit some features remarkably analogous to the eruptions of volcanoes* 
ProfesBor Bunsen, who recently paid a visit to that island, has thrown 
great additional light on the phenomena of the eruptiye boiling springs 
called geysers, and has afforded a new and very satisfiictory explanation 
of their formation and causes of action, whii^ may be api^ed also to the 
explanation of many volcanic phenomena. 

In Iceland the land rises gradually from the coast to the centre of 
the island till it forms a plain of the general level of 2Q00 feet above the 
sea. From this plain the icy mountains of the country rise and extend 
in a north-easterly direction. Along this chain occur Hecla and the 
other volcanoes of the island ; and in the same general direction, near the 
plain, are found hot-springs, boiling up from ridges and chasms, hissing 
and roaring at intervals like the sound of thunder. In the more porous 
strata there are smoking mud-pools, in which huge bubbles rise, that 
biust and throw th^ spray to a height of fifteen or twenty feel 

Glaciers descend to the base of the mountains, and through vast 
arches and chasms formed by the torrents melted from the ice by internal 
heat, water pours over the plain, and produces extensive morasses. A 
portion of this water, as it descends from the mountains, is conveyed 
through chasms to the hot rocks below, and thus gives rise to the boiling 
springs. 

The geysers consist, externally, of nearly circular basins, each with 
an aperture in the centre, through which the hot water issues. The flow of 
water is intermittent, and it frequently sioks within the aperture, leaving 
the basin empty. An eruption is preceded by explosions of steam; water 
flows from the oriflce, and then jets are thrown up, which occasionally 
reach the height of one hundred feet, but generally they do not exceed 
twenty or thirty feet. The eruptions s^dom continue longer than a minute. 
The water contains a quantity of ammonia and nitrogen, the presence 
of which is considered, by M. Bunsen, to prove that it is derived from 
the atmosphere, and not from internal souroea By chemical analysis of 
the water and of the rocks over which it passes, he ascertained that rain 

in England were thrown down/' the utmost damage that is stated to have been done 
is the throwing down of chimneys and the temporary stopping of water-oourses. 
From the want of more important events, we find it noticed that during an earthquake 
in 1683 an ignis-£iktuu8 was seen, and a tin vessel upset ; in 1704 " doors and furniture 
were set it motion ;" and in 1731 '' doors and windows were violently shaken." In 1750, 
five years before the great earthquake at Lisbon, England was visited with no less 
than eight earthquakes. During six of these, no event occurred worthy to be noted ; 
bat of the two others it is reoorded, that during one "some pigeons were fiightened;'' 
and the other was remarkable because "some dogs howled dismally, fishes threw them* 
aelyes out of the water, and a horse that was brought to the watcoing-plaoe refused to 
drink" ! Let us hope that the earthquake histoiy of England may never contain more: 
important occuirenoes. 
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Tater passed over sjhuIsfIj heated rocin would absorb the same mmentl 
ingredienta that are fonnd in the irat^s of the hot epringa. Of these 
Gontentfi, silica and common salt (chloride of aodimn) are the principal, 
the silica being in the proportion of 0'5079, and the chloride of sodium 
0-2521. 

The orifice of the great geyser ma soonded to the depth of aeTenty 
feet Tliis tabe is ten feet in diameter, and at the top it spreads otrt 
into a basin about mxtj feet across. The interior of the basin and of 
the tube ia coated with silica, wluch has evidently been encrusted there 
from the water. Bat the geyser water is beautifolly clear, and does not 
deposit silica when confined; therefore it is inferred that the silica 
which lines, and in &ot constitutes the basin, must hare been deposited 
by evaporation during expoeore to the air. From tiiis circumstance, 
ocomected with the general structure, it ia concluded that the geysers 
construct their own tabes. According to this yiew, the great geyser 
was originally merdy a hot spring, from which the water welled over 
the ground. As the water tnckled orer the edge it eviqmrated and 
depowted a thin crust of silica, and as iJie crust deposited layer upon 
layer, it raised a mound round the spring; and thus oonatracted the tnb«^ 
throtigh which the water had to rise hi^ier at each deposition before it 
reached tlie snr&ce. The accompanying diagram is a saj^Kised section of 
the geyser, repnaentiug the formaUon of the tube and its surrounding 
mound by the succesmve depoaticai of layers of silica on the enter sur&oe; 



y^^^. 




The tube bdng thaa formed to a certain height, the phenomena of 
eruption would oonunenoe, when the water became heated, by the mere 
effect of its own preeeure, as thus explained by M. Bunsen. On lowering 
a thermometer down the tul>e, to differrait depthf^ just before an eruption, 
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he ascertained that the temperature was nowhere so high as the boiling 
point would be under corresponding pressures. At the depth of forty 
feet from the top, the thermometer was at 122° centigrade, which is equal 
to 298° of Fahrenheit's thermometer; but the pressure of a column of 
water at that depth would raise the boiling point fit)m 212°, at which 
water boils under the pressure of the atmosphere, to 302° ; consequently 
the water was four degrees of Fahrenheit below the boiling temperature 
at that depth. Now it is evident that though the water would not boil 
under that pressure^ yet if it were by any means raised in the tube, the 
diminution of the pressure by its elevation would produce. a copious gene- 
ration of steam, which would propel the fluid above it out of the tuba 

The force of the steam when liberated at the surface may be con- 
ceived when it is stated, that at a temperature of 298°, the elastic force 
is equal to nearly twenty pounds on the square inch, and that there 
would be exerted on the area of the column of water an expansive 
power equal to 60,000 lbs. By raising the water in the tube, the whole 
of that pressure is brought to bear in forcing it out. 

Before this explanation of the formation of geysers and their pheno- 
plena were given by M. Bunsen, it was generally supposed that the hot 
water collected in subterranean caverns, and that the steam pressing 
against the roo& of the caverns forced the water up the tube ; that per- 
pendicular aperture being regarded as an ordinary fissure in the rocks. 
M. Bunsen's theory, however, is so satis£su;tory, that it- leaves little to be 
desired, and the suppositious caverns may be entirely dispensed with. 

Respecting the primary causes of volcanoes, there are two opposing 
theories. One of these supposes the interior of the earth to have a 
temperature so high, that tiie materials of which it is composed are 
maintained in a state of fusion. It may be stated, in confinnation of 
this opinion, that within the range of observation, the temperature of 
the crust of the earth increases as we descend towards the centre, at 
the rate of one degree of Fahrenheit's thermometer for every sixty or 
seventy feel It is calculated that if the heat goes on increasing at the 
same ratio to a depth of fifty miles, the temperature would be about 
twice as great as is necessary to fuse iron, and be sufficient to melt all 
the rocks which are found on the surface. Assuming this rate of increase 
of heat, the solid crust of the globe cannot exceed forty or fifty miles in 
thickness, below which every substance must be in an incandescent and 
fluid state. If we take for granted, therefore, that there is within a 
comparatively short distance from the surfisioe — ^not so far as from 
London to Brighton — a molten fluid mass, it is not difficult to conceive 
that causes of disturbance may arise— such as the influx of water or 
of other substances expansible by heat — ^that would force the melted 
matter to the surface; especially when it is borne in mind, that the 
thickness of the supposed crust of the earth would be only the four- 
hundredth part of the diameter of the globe. 

Accordmg to the other theory, which is called the chemical theory of 
volcanoes, the eruptions may be caused without the agency of permanent 
internal heat. It supposes, that the metallic bases of tiie earths and 
alkalies — ^potassium, calcium, &c. — ^may be present under the surface of 
the earth in immense mstsses, and that on the inflwY of water t<hey 
immediately combine with the oxygen it contains, producing the pheno- 
mena of combustion, and liberate the hydrogen; by which actions the 
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eruptions of melted matter, and the explosive forces that produce them, 
are generated. This theory, which was originally propounded by Sir 
Humphry Davy, who afterwards abandoned it, has recently been adopted 
by Dr. Daubeny and other, geologists; but the prevalent opinion is, that 
the proximate cause of volcanoes is to be found in internal heat. 

If, therefore, we admit that there is a molten mass within a short dis- 
tance from the surface, the ingenious explanation given by M. Bunsen 
of the eruption of the geysers of Iceland will afford also an explanation 
of the immediate causes why the molten matter is ejected during the 
eruption of volcanoes. 

Under the pressure of a mass of molten lava several miles in depth, 
Vater might be confined below the boiling point though far hotter than 
melted iron. Even with the pressure that it is known must be exerted 
at the bottom of a column of lava of the height of Vesuvius, it may be 
estimated that water might be heated to a bright red without boiling. 
At the least elevation, however, of the molten mass up the chasm in the 
mountain, the expansive force of the steam would be developed ; and 
thus, by its mere elevation nearer the surface, a force would be generated 
sufficient to eject the column of lava above it. The invariable presence 
of volumes of steam during volcanic eruptions indicates the presence of 
water among the fiery mass ; and the theory of Bunsen, when applied to 
volcanoes, shows clearly bow it may operate. 

When, therefore, we perceive thjBit by the mere elevation of the liquid 
lava for a few feet in the chasm of a volcano, such a vast amount of ex- 
pansive force may be generated, instead of being surprised at the erup- 
tions of existing volcanoes and at the destructive effects of earthquakes, 
we may rather wonder that the forces thus readily brought into action 
are not more frequently exerted, and do not become more destructive 
than they are.* 

* The structure of volcaoic mountainSy though a question of secondary importance, 
has given rise to more sharp controversy than the causes of volcanic action. It is con> 
tended by some geologists, that the craters of volcanoes are invariably formed by the 
eruption of lava and scorise, which fall down on each side of the ejecting aperture ; 
whilst it is asserted by otiiers, that craters are most frequently produced by the 
upheaving of horizontal strata, knd that the scoriae and lava are subsequent deposits on 
that elevated cone. The terms "craters of elevation" and "craters of eruption" 
have been applied to signify the two modes of formation. It appears, from the struc- 
ture of sevend oones, iha,t the strata must have been raised wi^ them, though it is 
probable that in most cases, especially those where the cavity is nearly equal in depih 
to the external cone, the craters have been constructed by the materials erupted. There 
are some remarkable instances of mountains of granite or trachyte being elevated 
within the craters of extinct volcanoes, which strengthen the opinion that the cones of 
tiie craters were also upheaved by internal force. In the Auvergne, the Puy de 
Chopine, oonsistijig of granite, rises to a height of 900 feet within the crater of an 
extinct volcano. The accompanying diagram is the section of a volcanic crater, in the 
centre of which there is a lai^e mass of trachyte. 

fig. 58.. 
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CHAPTER XVI. 

THE XSMASrSASTB OF FOBMER WOBLDS. 

'Fanas of aniauJ life preBenred in the traDsition rocks. — ^Tabular Tiew of the origin and 
extinction of animab. — Simplest forms of animal life. — First traces of dry land ia 
the coal formation. — ^Luxuriant tropical vegetation of that period.— -(Grigantic 
marine lizards : the ichthyosaurus and plesiosaurus. — ^The iguanodon, and other land 
liaards. — 'Flying lizards.'-— First appearance of land mamTnalia. — ^Vegetaticm of the 
secondary period. — ^Extinct herbivorous and oanuvoroos animals of the tertiazj 
periods: the dinotherium, m^;atlieiium, mastodon, tiger^ cat, &c. — ^Bone caverns. 
— Discovery in them of human bones with those of extinct animals. — ^Discovery 
of a recent manunoth in Siberia. — ^The dodo and dinomus. — Fossil infusoria. — 
Creation and extinction of spedes. — Gredbgical evidence opposed to the progressive 
devek^nnent of animals. 

The investigations of geologists disclose no fact more interesting to 
mankind than that there are embedded in solid rocks fossil remains of 
creatures that lived in a former condition of the world, countless ages 
before man was created. These relics reveal to ns that during the many 
revolutions this planet has undergone, different tribes of beings have 
flourished on the face of the earth and have become extinct, and that 
their places have been successively supplied by other forms of animal life, 
geneiully of more complicated organizations than those which preceded 
them, and that they have also disappeared. Thus, after many change^ 
during which the successions of animal and vegetable life more and 
more nearly approached those of existing genera and species, we arrive 
at a period when the condition of animated creation exactly corre- 
sponds, in numerous instances, with that of the present. 

In describing the successive formations of rocks, we have from time 
to time noticed the fossil remains peculiar to each, and which serve to 
distingin'sh one geological period from another. We now propose to 
take a continuous^ though necessarily very limited and imperfect, view 
of the animal and vegetable creations of former worlds, pointing out 
the forms and organizations of the most remtarkable, and tracing their 
courses of existence on the earth. 

The shells of coralline zoophytes are among the first of the fossils that 
are met with in the lowest rocks of the transition series. This order of 
creation, which, so &r as geological knowledge extends, was one of £he 
first that appeared on the earth, has continued through all changes and 
convulsions down to the present period; though i^e existing species 
differ in some respects from those that formed coral rocks in the seas of 
former worlds. Conunencing existence with the zoophytes, and accom- 
panying them through all changes in the condition of the earth, are the 
echmodermata (including star fishes), the mollusca, fishes, worms, and a 
few other articulated animals, though none of those now living are con- 
sidered to be identical in species with those of the earliest creations. At 
different periods, also, of the earth's progress, the number of species of 
these orders of creation that have been continued from the first dawn 
of life have varied greatly at different periods. In some the number of 
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species at first created were few; they increased in subsequent changes 
of the earth, and were afterwards reduced. Others commenced with 
numerous species, which gradually diminished till they dwindled to very 
few. Others, again, commenced existence at a more recent period, and 
became extinct before arriving at the present condition of the globe. 

The accompanying tabular view of the origin, progress^ continuance, 
and extinction of the principal orders of living beings has been selected 
from a very compreliMBnaive and sciaitifioally arranged diagram, con- 
structed by Dr. Carpenter for his Paleontological Lectures, and will 
serre better than any verbal description to show the geological periods 
at which different orders of animals were created, and the comparative 
numbers of species during their continuance on the earth. The table is 
divided into four columns to mark the transition, secondary, tertiary, 
and recent, or present^ periods* The horizontal black bands indicate 
when the respective orders of animals first appeared j and the varied 
thickness of the bands shows the comparative number of the species in 
eadi snooessive period. Take^ for example, the sea urchins ; they com- 
menced in great numbers in the secondary period ; the number of 
species diminished in the tertiary, and increased in the present period. 
The nautilus commenced with a few species in the transition period, 
rapidly increased, and continues, with a diminishing niunber of species, 
but not exactly the same, down to the present day. The marsupialia 
(opossum) is represented as having commenced in the lower secondary 
period, become extinct in the upper, and renewed in the tertiary. This 
apparent break in the continuance is, however, supposed to be owing to 
the defective state of our knowledge, fit)m not having yet obtained speci- 
mens, rather than to a real extinction and renewal ; for it may be stated 
as a geological theorem, that ^' there has been ever a coming in of new 
organic forms, and an extinction of those that pre-existed on the earth, 
some species having endured a longer, and others a shorter time, while 
none have ever been renewed after once dying out."* 

In the annexed table the usual arrangement into orders and classes has 
been disregarded, the object being to present within a limited compass a 
view of the origin, progress of succession, and the periods of extinction 
of those animals either best known, or which are marked by the strongest 
peculiarities in the courses of their existence on the earth. 

The most remarkable and characteristic fossil of the transition 
period is the trilobite, a description and figures of which have been 
previously given.t The characters and habits of the molluscous animals 
that inhabited the fossil shells found in rocks of the same period present 
no peculiarities sufficient to arrest attention in this cursory survey of the 
organized systems of former worlds, and the few mutilated remains of 
fishes that occur in the lower transition series are chiefly remarkable 
for their enamelled scales ; which, at the same time that ijiey served as 
an excellent protection to the animals, were also the means of preserving 
tiieir forms from the destroying agencies which have obliterated the 
traces of bones, and the more delicate parts of their organization. 

The fossil remains of the lower transition rocks afford no evidence 
of diy land. During the long period in which those rocks were deposited, 

♦ Sir C. Lyell's Manual of G«ology. + Page 25. 
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the 8ur&.ce of the earth appears to have been covered -with water, 
through which the primary rocks protruded, and presented their elevated 
peaks to the action of water and tempests, which wasted their surfaces 
and mingled the fragments in the strata that are deposited upon them. 

Before the carboniferous strata wer edeposited, the condition of many 
ptrts of the world underwent important changes. Large tracts of diy 
{and were raised above the level of the sea^ and in a condition eminently 
&yourable to the growth of plants. The luxuriant vegetation of the 
period of the coal formation is unequalled by any at the present day ; 
and this part of the world which now enjoys a temperat-e climate, was 
then clothed with the prolific vegetation of the torrid zone. 

The principal vegetables of the coal formation present types of 
existing species. The common "horsetail" (equisetse) of our swamps 
and ditches, ferns and pines, different in species and gigantic in size, 
constitute the greater portions of the plants that abound in the coal 
formation; whilst other trees, dispersed among the sandstones and 
shales that accompany the coal, are unknown at the present time, and 
were confined to the coal formation. Among these was a large tree 
called sigillaria, trunks of which have been found three feet in diameter, 
that are supposed to have attained a height of fifty or sixty feet. 
M. Ad. Brogniart, in his " History of Fossil Yegetables," considers the 
sigillaria to have been allied to the arborescent ferns, with smaller sized 
and differently arranged leaves from those of existing plants ; but not 
a single leaf has been found attached to the trunks of these trees by 
which their character can be more conclusively ascertained. One of the 
remarkable peculiarities of the trees of the coal formation is, that 
nearly two-thirds of them belong to that class of plants which, like 
palms and canes, increase from within and enlarge their bulk by addition 
from the centre outwards. 

The distinguishing characteristic of the animal creation during the 
secondary period was the abundance of marine lizards, many of which 
were of prodigious size. They are found most abundantly in the lias, 
but they became extinct before the chalk formation. The ichthyosaurus, 
or fish lizard, was the ruling monster of the waters. It combined the 
snout of a porpoise, the h^id of a lizard, the vertebrae of a fish, the 
paddles of a whale, and terminated in a long and powerful tail. The 
most extraordinary feature of the head was the eye, which in some of 
the specimens found must have been twelve inches long and nine broad« 
These enormous organs of vision were protected by scales which served 
0/k ihe same time to alter the shape of the eye, so as to render it micro- 
scopic or telescopic at the will of the animal. The jaws, which were 
armed with one hundred and eighty conical teeth, were in the larger 
species six feet long, and enabled the creature to make a terrible gape 
when seizing its prey* A figure representing the skeleton of the ichthyo^ 
saurus, as found in the lias strata, is given at page 48. The larger speci- 
mens were nearly thirty feet long. 

The plesiosaurus must have been a still more remarkable though less 
formidable animal than the former. To the head of the lizard, it united 
the teeth of a crocodile, a neck of enormous length resembling the body 
of a serpent, a body and tail having the proportions of an ordinary 
quadruped^ the ribs of a cameleon, and the paddles of a whale. These 
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creatures appear to have lived in sliallow seas and estuaries. The head 
was much less and proportionately shorter than that of the ichthyo- 
saurus ; the number of the vertebras of the neck exceeded those in the 
neck of the swan, the tail was short, and must have acted principally as 
a rudder to steer the animal when swimming, or to raise or sink it in the 
water. The total number of vertebrae in the body was ninety.* 

Existing on land at the same time that the plesiosaurus and ichthyo- 
saurus inhabited the water, were the not less extraordinary creatures the 
iguanodon, the hylaeosaurus or forest lizard, the megalosaurus, and the 
pterodactyle. The iguanodon was a monstrous lizard sixty or seventy 
feet long, that fed on the tropical Tegetation which then grew in the 
iswamps and on dry land. Its form resembled that of the iguana of the 
West Indies, which attains the length of five feet, with the addition of a 
horn situated like that of the rhinoceros and of about equal size. 

The hylaeosaurus differed in structure from every Imown species of 
living or fossil lizard, or crocodile ; and though of less size than the 
iguanodon, its appearance must have be^i even more formidable. It 
had a row of scaly fringes on its back, seventeen inches long, which it 
had the power of erecting, and when thus advancing to attack its enemy 
or to seize its prey, it must have presented a most terrific front. 

The megalosaurus approached in size the iguanodon, but it appears 
frt)m the form of the jaws and teeth that it was carnivorous, and it fed, 
most probably, on the smaller reptiles that lived in the swamps and 
forests among which this creature ranged. It combined the structure 
of the crocodile and monitor, and must have been from forty to fifty feet 
in length. 

The pterodactyle, though very differ^oit in appearance and compara- 
tively diminutive in size, was scarcely less monstrous than its contem- 
porary prodigies. With the head and general organization of a lizard, 
it possessed a neck resembling that of a bird ; it had the wings of a bat^ 
and a tail like that of quadrupeds. Enormous eyes enabled it to see in 
the dusk of twilight ; and its jaws, furnished with sixty pointed teeth, 
adapted it to dart upon and seize fishes when hovering over the water; 
or to catch in its capacious mouth such insects as are found imbedded 
with it in the same rocks. The skeleton of the pterodactyle has been 
found nearly entire, of which a representation is given in figure 51. The 
bones agree in most respects with those of the Hzard, but the joints of 
the fourth finger are curiously l^igthened to serve for the attachment of 

* A figure, copied from a restoration of the skeleton, by Mr. CSonybeare, ham been 
given at page 48. That gentleman has drawn the following inferences respecting iho 
habits of t£e plesiosaurus: — "That it was aquatic is evident from the form of its 
paddles ; that it was marine is ahnost equally so, from the remains with which it is 
universally associated ; that it may occasionally have visited the shore, the resembl^ce 
of its extremities to those of a turtle may lead us to conjecture ; its motion, however, 
must have been very awkward on land. Its long neck must have impeded its progress 
through the water, presenting a striking contrast to the organization which so admi- 
rably fits the ichthyosaurus to cut through the waves. May it not, therefore, be con- 
cluded (nnoe in addition to these circumstances its res^nration must have required fre- 
quent access of air) that it swam upon or near the surface ; arching back its long neck 
like a swan, and occasionally darting it down at the fish which happened to float within 
its reach t It may, perhaps, have lurked in shoal water along the coast, concealed 
among the sea-weed, and raising its nostrils to the surface from a considerable depth, 
may bive.found a secure retreat from the assaults of dangerous enemies." 
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the mtimbrane thftt formed the win^ From this formation the orefttnre 
derires its name. 

The accompanying repre- fig.eo. 

Bentation of the pterodactyle, 
restored and actiTe in the scene 
where it is conjectured to have 
hved, is taken from an engrav- 
ing in Dr. Buckland'e "Bridge- 
water Treatise." Some speci- 
mens of this creature found in 
chalk mnst have had a spread 
of wing exceeding sixteen feet 

ThM period of the history 
of former worlds is remarkable 
also for the first appearance of 
terrestrial mammalia on the 
earth, though the sphere of 
their habitation seems to have 
been extremely limited. The 
foBsQ bonea of an animal re- 
sembling an opossum have 
been found in tiie oolite for- 
ma^on at Stoneafield, near Ox- 
ford, and in no other secondary 
rock. The discovery of the 
remains of the first land 
■.nimal that suckled its yonng ^ 
in su^ a situation is the more remarkable, as the only living creatures 
allied to it are to be found in the remote continents of America and 
Australia. The name marsujualia, giv^i to this order of animals, is 
derived from a large external pouch in which the young are placed 
until sufficiently matured to oome forth. 

The vegetation of this period still retained the tropiotJ character that 
marks the plants found in the coal formation. The most abundant were 
those of Uie class called cyeadffi, which now grow naturally only ia 
trc^cal regions. A representation of this characteristic plajit of the 
secondary period is shown on a small scale in the foreground of figure 
60. Next in abundance were pines, and these with tree feme, horsetails, 
and club moss of gigantic sizes, constituted almost the sole vegetation of 
the secondary period, during which the earth was still, for the most 
part, covered with water. Boaming among this tropical vegetation in 
swamps and forests on the sea shore, or swimming about in the deep 
watem, at the same time with the monstrous animals we have briefly 
described, were crooodilea, serpents, turtles, tortoises, sharks, and innu- 
merable fishee, more or less resembling in general characters those of the 
present day, but none of them exactly alike to any that are now living. 

At the end of the secondary period as marked a change occurred on 
the faioe of the earth and in the chaxacter of its inhabitants as that 
which distinguished its commencement The dry ground was greatly 
extended, and the valleys formed by the election of the land were 
traversed by mighty rivers, or thej became the beds of exten^ve fre^- 
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-water lakes. At this time, land quadrupeds, which had been previously 
very scantily represented by a few analogous to opossums, became more 
numerous ; herbivorous and carnivorous animals existed in abundance ; 
and crocodiles and tortoises lived on the banks of the fresh-water lakes. 
It is now for the first time there is distinct evidence that birds took 
their flight through the air of that ancient world, though some footprints 
preserv^ in the new red sandstone denote that wading birds had 
traversed the sea shores at much earlier periods. 

The discovery of stores of organic remains in the gypsum beds of the 
older tertiary formation near Paris, first directed Cuvier*s attention to 
the examination of fossil bones, and led to the knowledge of the pre* 
existence of animals that have now ceased to live. 

From the chamel house of separated fossil bones, Cuvier was enabled 
to determine the previous existence of seven orders of extinct animahty 
containing many species that had lived either on land or in fresh 
water at that period Of the land animals, the most remarkable was the 
palseotherium, an animal intermediate between the rhinoceros, the 
horse and the tapir, some specimens of which must have been as large 
as a rhinoceros, whilst others were of the size of a hog. A repre- 
sentation of one of these animals, as restored by Cuvier, has been given 
in page 64. 

Wolves, foxes, racoons, genettes, dormice, squirrels, nine or ten 
species of birds, including owls, buzzards, woodcocks, and pelicans, were 
among the animals that lived during the lower tertiary period ; but the 
large reptiles that abounded during the previous stage of the world's 
history had disappeared. The temperature of this part of the globe had 
been sensibly diminished after the elevation of the land, but palms still 
grew and flourished. 

The middle tertiary formation contains the remains of animals which 
approach near to those of the present day, and mingled with them are 
some of the animals of the preceding period. Those, however, which 
are allied to animals now living must have been very different in many 
respects, especially in size. There are the bones of cats which must have 
been as large as tigers, and of an animal allied to the dog of the size of 
a lion. Tapirs, larger than any living species, roamed on the banks of 
the lakes and rivers, accompanied by the rhinoceros, and with animals 
resembling horses, bears, hogs, and the mastodons of the succeeding 
geological age. The most remarkable, however, of all the herbivorous 
mammalia of that period was the dinotherium, a gigantic aquatic animal 
much longer than any terrestrial animal yet discovered, measuring in 
some instances eighteen feet. The peculiar feature of its anatomy is the 
lower jaw, the fossil bones of which are represented in fig. 47. The accom- 
panying wood-cut shows the supposed form of the animal when living. 
An enormous tusk in the forepart of the lower jaw on each side bent 
downwards, and when the mouth of the dinotherium was shut, it must 
have resembled on a large scale the mouth of a walrus, though the 
descending tusks of the latter are placed in the upper jaw. 

In the upper tertiary formation, including the diluvial and alluvial 
deposits, we are brought still more closely to the state of animal existence 
which prevails at the present time. Bones of the elephant, the rhino- 
ceros, the hippopotamus^ the tiger, and the leopard indicate distinctly 
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thax the climate in this latitude, even at that comparatiTely recent 
period, waa much 'warmer than at present. At that time, it ia conjec' 




tured, England was connected with the Continent, and that the inha- 
bitants of tropical chmes roamed here as on to a remote promontoiy 
joined hy an isthmus to France and to those other parts of Europe 
where the remains of similar animals are found 

Though we have classed the upper tertiary formation as belonging 
to the same penod, there is httle doubt that ita deposition waa not 
completed until ailer a long succession of ages, during which the 
condition of the land and the character of its inhabitants underwent 
many changes. This is apparent by liie extinction of some of the 
fluimals we have just mentioned previous to the disappearance of othets 
which afterwards became extinct. Thus, the mastodon, which is the 
type of the elephant, though of a different species, died out lung before 
the mammoth and the elk disappeared irom the iace of the earth. Even 
the valley deposits, from the surfeces of the hills as we now see them, 
contain the remains of animals not only long since alien to this island, 
but which have become altogether extinct, and are represented in other 
climes by different species of the same genera. 

The principal distinction between the mastodon and the elephant was 
in the shape and structure of the teeth, and the mastodon possessed short 
tusks in its lower, in addition to those in ite upper, jaw. " It has been 
conjectured that the mastodons were more aquatic, or swamp-hunting 
quadrupeds than the elephants ; their limbs were, however, proportion- 
idly shorter, although constructed on the same type, each foot being ter- 
minated by five short and stout toes, which were evidently, from the form 
of the last phalanx, confined in one common thick hoof."* 

The skeleton of a mastodon almost entire, found in the valley of the 
Missouri, was, ten years dnce, exhibited in London as the "Missouri 
Leviathan," a greater number of bones and ribs than belonged to the 
living animal having been added to increase its attractions as a 
monster of former worlds. It was purchased for the British Museum, 
where it is now to be seen, afl«r having had all the extraneous bones 

* ProfeBior Oweo'i " Histoiy of Britiah Foeeil MamiQala," 
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nenuiiTei}, ao aq to rednca the dtelettm to its |»Y^)er propmtiais, as shown 
n the umexed woodcut. 

flg-ea. 




Asoihor fiMeii ifeekton, of lumBirDiiB ske, &Ma A.m erica, ia i^seed 
nr th» BUstodcK ia tiia Bntioh Muwum, tmd ia, siqtpoaed to> h&v« 
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lired at tha tamo period. Tha lo^^lheriiim. was a gigastiG aloth larger 
than a rlimoceroe, with l€g8 and taJl exceeding in BtrengtK theae of may 
otlier ankiial. With the kead and ^ooldera of a slot^ it combined in 
its legB and feet the chaiactevs of the ant-«ater tmd the armadillo, tmd it 
is supposed to have still fucther- reaembled the urmadillo bj bdiig 
encased in bony armoar, which in parts was an inch and a half in dikfr- 
nesB. Ita haonchea were more than five feet wid^ and ite body tweln 
feet long and ei^t feet high. Its. &et were a yard in. length, and ter- 
minated in enormoQS claws. 

Abundant evidence exists in the bones amd teeth fcmod in the \ak» 
and riv^ depomts of the most Teoent tea-tiaiy p^od^ and in the stall 
more recent aUuvial depoaits, that En^^and and IraliBd were formeiiy 
inhahdted by tribes of animals now extinct, which lived and died 
Mar the places where their Ixmea ore discovered. Thaliiah dk (^ 64) 

fig. 84. 




is one of these relics, some magnificent q)eciniens of wliicSi are containnd 
in the Dublin Musenm. The insect feeders of the same period were 
r^reE«mted by bats, moles, and shrews ; and the rodent order by two 
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kindis of beaver, by hares and rabbits, water voles and field voles, rats 
and mice.* 

The remains of these animals generally occur in the most recent of 
the diluvial and alluvial deposits, and among the strata which contain, 
a very large proportion of fossil shells similar in species to those now 
found in neighbouring seas. The most abimdant collections of thosd 
fossil bones have, however, been found in Hmestone caverns of gec^g^ 
cally recent formation, into which the animals had retired to die, or where 
their limbs had been dragged by carnivorous animals to be gnawed. 
Many of the remains found in these caverns bear fresh-looking marks of 
their having been gnawed by the hyaenas, whose bones are mingled with 
them. In Dr. Buckland*s " Reliquise Diluvianse," ample descriptions 
and drawings are given of the caves where they are found, and of the 
appearance and condition of the bones. Kirkdale cave, in York- 
shire, and Banwell cave, in Somersetshire, have attracted especial notice 
from having been discovered within the last thirty-five years, and carefully 
examined before the fossils had been much disturbed. In those caves 
were found remains of the tiger, bear, hyaena, wolf, folc, and weasel, 
mingled with those of the elephant, rhinoceros, hippopotamus, horse, 
hare, rabbit, rat, water-rat, mouse, ox, and deer ; and the bones of the 

* Professor Owen, in the introduction to his valuable work on the '' Histoiy of 
British Fossil Mammals," thus describes the condition of animal life immediatdy boGoee 
the creation of man : — 

** At the period indicated by those superficial stratified and unstratified deposits, the 
mastodon had probably disappeared from England ; but gigantic elephants, of neai-ly 
twice the bulk of the lai^g^ individuals that now exist in Ceylon and Africa, roamed 
here in herds, if one may judge from the abundance of their remains. Two-homed, 
rhinoceroses, of at least two species, forced their way through the ancient forests, or 
wallowed in the swamps. The lakes and rivers were tenanted by hippopotamuses as 
bulky and with as formidable tusks as those of Africa. Three kinds of ^d oxen, two 
of which were of colossal size and strength ; and one of them, maned and villous like 
the bonassus, foimd subsistence in the plains. Deer, as gigantic in proportion to exist- 
ing species, were the contemporaries of the old wri and biaontes, and may have disputed 
with them the pasturage of tiiat ancient land ; one of these extinct deer is well known 
as the Irish elk, by the enormous expanse of its broad-palmed antlers ; another herd 
proves more like those of the wapiti, but surpassed that great Canadian deer in bulk ; a 
third extinct species more resembled the Indian hippelaphus ; and with these were 
associated the i^ deer, the rein deer, the roebuck and the goat. A wild horse, a wild 
ass, or quagga, and the wild boar, entered also into the series of British pliocene 
hoofed mammalia* 

" The camivora, organised to enjoy a life of rapine at the expense of the vegetable 
feeders, to restrain their undue increase, and abridge the pangs of the maimed and 
sickly, were duly adjusted in size and ferocity to the fell task assigned to them in tiiie 
organic economy of the pre- Adamite world. Besides a British tiger of lai^er size and 
with proportionally longer paws than that of Bengal, there existed a stranger feline 
animal (machairodtu), of equal size, which, from the great length and sharpness of its 
sabre-shaped canines, was probably the most ferocious and destructive of its peculiarly 
carnivorous family. Of the smaller felines, we recognise the remains of a leopard^ a 
large lynx, and of a wild cat, 

'' Troops of hyaenas, larger than the fierce crocuta of South Africa, which they most 
resembled, crunched the bones of the carcases relinquished by the nobler beasts of 
prey ; and doubtless often themsdves waged the war of destruction on the feebler 
quadrupeds. A savage bear, surpassing in size the urstu ferox of the Bocky Moun- 
^ins, found its hiding-place, like the hysna, in many of the ftTiating limestone caverns 
of England. With the ursus ipeUeus was associated another bear, more like the 
common European species, but larger than the present individuals of the ursus Arctos. 
. Wolves and roxes, the badger, the otter, and foumart^ and the stoat, coii]|dete the 
cat^iy of the known pliocene camivora of Britain." 
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raven, pigeon^ lark, snipe, and duck, were also among them. Dr. Buck* 
land inferred, from the great number of the bones of the hysena, and from 
the mingling together of the remains of herbivorous with carnivorous 
a nimals, that the caves formed the dens of hysenas, and that the bones are 
those of animals which they had carried in to devour. The small size of 
tlie openings to the caverns would, indeed, have precluded the entrance 
of the larger animals until their bodies had been dismembered. 

In Germany, the bone caverns are much larger than those in this 
country. At Addlesberg, in Camiola, there is a cavern, or connected 
series of caverns, of various dimensions, which extend for three leagues 
in a straight line. The floors of this suite of caverns, many of which are 
now difficult of access, are covered with indurated clay, enclosing the 
bones of bears and other carnivorous animals for several miles. 

The bone caverns of France and Belgium derive additional interest 
from the occurrence of human bones, sometimes accompanied with pieces 
of rude potteiy and stone hatchets, mingled with those of extinct carni- 
vorous and herbivorous animals. 

The discovery of human bones thus associated with the remains of 
animals that have disappeared from the earth, has given rise to much 
speculation and controversy, as that fact appears to contradict the pre- 
viously generally admitted position that the creation of man was subse- 
quent to the diluvial depositions. The exception may, however, be con- 
sidered in this case to prove the rule. It is absurd to suppose that any 
race of men would have lived in the same caverns at the same time with 
tigers and hysenas, and the most likely supposition is, that these caves, 
long after the bones of extinct animals had been deposited, were made 
places of sepulture, or that they were resorted to as places of safety. It is 
coniecture(L indeed, that the human bones found in some of these caverns 
may have l^n ZL> into ^hich the natiyes of Gaul retreated during the 
invasion of Csesar, who ordered the entrances to be closed, and thus 
caused them to perish. The preservation of human bones in caves 
which might have been recently used by man, and the absence of such 
bones in other than merely superficial deposits, tend to confirm 
the opinion that had man existed on the earth in former conditions of 
the world, his remains must have been found among the deposits which 
contain such abundance of the fossil bones of animals of all kinds. 

The bones found in caves are not usually fossilized. They are gener- 
ally lighter and more fragile than recent bones, but they contain a large 
portion of animal matter, with which also the osseous mud that encloses 
them is .strongly impregnated. So fresh is their condition, indeed, that 
in some places the bones are excavated and spread over the land for 
manure. This application of the animal matter of extinct animals to 
the support of living beings, affords a fine subject for contemplation to 
the speculative philosopher. 

There are, however, even better preserved remains of some of the 
inhabitants of the former world than those of the bone caverns. The 
ice and the frozen ground of the Arctic regions, where the earth is 
constantly frozen at the depth of a few feet, have preserved some specie 
mens of the mammoths and extinct bears in such a condition that their 
flesh, covered with skin and clothed with wool and hair, was not decom>- 
posed. The most remarkable discovery of this kind was that of the 
Siberian mammoth in 1801. When discovered, the whole animal wais 
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■pnsemA imbedded in ic^ wifliitB fle^Ain,Biid Lwrasi»*dtoc*Mi if 
recently dead. A<!ccin£ng to flie discoverer, Ihe amunl, vhea first tf»- 




d<Mi :finn tlM ioe, -wu w &t tiat its beUy hmg bdov tte jiMiils oF ll» 
t na w . Hub mananoti) was a male, "wiA « loig nuiM nu Uka a«ck ; tlx 
skm, of which about three-fourths were BavBd, -was «f a dut oalasr, 
oOTwed ^iritii a reddisk wool and eoane long l)lack bails. Xka AaLeton, 
4am tba fore-part of &e ^oll to tiie end of tiw tul, measmed dxtoea 
feot Ckit inches ; its lieight w«s twelve feet Tb» toAt ueamred, along 
tike <jarv«, nine feet six ioohes ; and in a straight line tmai ^he faaae t» 
tiie point, tiuree feet seven inches. The Hkeleton is nor xooantoi in tbe 
Dntaenm of tlie fetropt^tan Academy. It is rs^irttiQated in the aooon- 
|nymg drairi^ as given by Fn^nor Ovmm is hii " Bmbay of F<aa3 
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A part of the ekdn, aad some «f the hair, aze in (Jm mnaeaa of "Ao 
Collie of Soi^eona. I^ hair is eepu«ted &oim Ute duo, exoeptiug in 
one psart, where it is ihict-aet and crisfdy tairled, and is interspersed 
with a. fow bristles about three indies lo^ of a 6ask reddish colour. 
Among tike s^tantte panels of hair are some about four incbe long, and 
some bristly, nearly black, and firoiii twdre to eighteen inches in lengtL 
The skin, when first taken to the museum, smelt offensively, but it ia 
now quite hard, and in the most compact part is half an inch thick. 

Frofesaor Owen is decidedly of opinion that 1^ mammoth was speci- 
fically different from the elejJiant The diSerenoes in the bones and in 
the- teeth are, he states, sufficient to establish the distindion ; and this 
is made still more apparent by the thick hairy covering of the Siberian 
specimen. The mammoth he conoeiTes to have been adapted to live in 
cold climates, and the distributifMi of the fossil remains of that ^ninxiil 
almost ezclosiTely in temperate and frigid zones seems to indicate that 
it was distinct &om the Asiatic and A&ioan el^hants. 

The extincticn <rf species is not, hoveyer, confined to changes in th» 
ooodition of the globe. The dodo, a bird tiiat inhabited tiie Isle of 
Fstaaoe, and is supposed to have been living inthin tdie last hnndred 
yean, is now idtogether extinct ; thou^ it oft«a figores in w<h^ cf 
OHtoral histoiy as still living. The only relic of the dodo with its pliuft- 
age was a stufied specimen in the A^unolean Moaeam, but its rarity 
not bong knows, it was a few yean ago destroyed as bedi^ in a bed 
state (tf {Reservation. Ano- 

th«t Wtd, called by Professor *"■ ™- 

Owsn the ^nornis, which 
inhabited Anatralia, and 
mvA have greatly surpassed 
the ostrich in rise, ia sup- 
poaed to have but veiy re- 
cently become extinct. Them 
is, indeed, some ground for 
believing that tlue monster 
bixi w*j be «tiU living 
in nnerplcred parts of the 
ooantry. l%e aooompwtying 
outline represents the dmor- 
nis as restored by Professor 
Owen. 1^ bones figured in 
the hind 1^ are ti^ only 
pMtioas of its skeleton whidit 
nad been found vrhen that 
rtilftd oompaiative anato- 
mist built up from those 
dight foondataons the fona 
awl Me of the bird, and was enabled to describe its chataoter and kid»t*. 

In the cursory notice oi the inhabitants of former worida that o«r 
limits will admit, we have directed attention chiefly to the larger ol^eots 
«f ireataon ; b^ then, as now, tke same Infinite Power that mads tin 
xMwsters of tite sea and land was equally exerted in the or^anizatiou 
of t^ minoteet aBimalooln. fSireaiber^, the diatdngniahed Oermau 
oatoraliit, by directing his microsoopio inveetigatians to tbe dust «f 
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former worlds, has discovered that it once swarmed with life. TripoK 
powder, for example, is composed of coimtless numbers of delicatety 
organized infusoria, which have been fossilized by silica. So minutefy 
small a.re those silidfied skeletons, that it is calculated that 41,000,000- 
are contained in one cubic inch of stone. A magnified representation 
of some of these fossils is shown in figure 67. 

fig. 67. 
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"When we perceive that in the successive changes which the surface of 
the earth has undergone, certain orders and species of animals become 
extinct and are followed by others, the question naturally suggests itself, 
were these changes produced according to some general law by which all 
things are extinguished and created anew, or were they special occur- 
Tences, and dependent on the special exercise of creative power 1 It haa 
been conjectured that species, like individuals, may have the cause of 
their death inherent in their original constitution ; and that the limit of 
existence may have been ordained from the commencement of each. This 
opinion derives some countenance from the fact that certain species of 
molluscous animals have continued to exist during all changes in the 
condition of the world, whilst others became extinct. 

Human knowledge does not at present extend far enough to throw a 
clear light on this interesting subject. It has been established by geolo« 
gical researches that there has ever been, since the first dawn of creation, 
progressive changes in the crust of the globe, which have fitted it more 
and more for the habitation ef man ; and the progressive complication 
of animal organization, from its most simple forms in zoophyt^ to the 
complicated organism of human beings, has encouraged the notion 
that more perfect organizations have been progressively developed from 
those that were less so. This notion of the progressive development of 
living beings from each other, though it may seem at first sight to derive 
support from the facts of geology, is in reality directly contradicted by 
them. In the first place, there is no imperfection in the organization of 
the lower orders of animals. In the discharge of their respective fwio- 
tions, and for the enjoyment of the existence to which they were destined, 
the organization of all was perfect ; and the addition of a higher degre^ 
of locomotive power or of intelligence, would have unfitted them for th^ 
work they had to perform. The same may be said of all the intenne- 
diate orders of beings between zoophytes and man* To each one has 
been given an organization and intellectual capacity admirably adapted 
to its wants, and best calculated to administer to its enjoyment of life. 
It would be out of place in this introductory treatise to enter at large 
into the consideration of this subject, but it may be stated generally, 
that though varieties of species may be produced by change of circum* 
stances and by climate, no distinctly marked species is ever known to 
mix and lose its distinctive characters ; still less can it be conceived tha^ 
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Buoh remarkable changes in the character of the inhabitants of the 
world as occurred from the transition to the secondary <and from the secon- 
dary to the tertiary periods, conld have been brought about by any 
mingling of breeds, or other means of progressive development^ of which 
there is not the slightest appearanca We are bound, therefore, by geo^ 
logical evidence, to believe that so far from there having been a progres- 
sive development, each distinct order of beings, and each separate species, 
was specially created. 



CHAPTER XYIL 

GEOLOGICAL GEOGBAPHY. 



The Geology of England and Scotland. — Geological map of GJreat Britain. — Geology 
of Europe. — ^lUustrative map. — Similar rocks and successions of strata in Asia and 
- Africa. — Geology of North and South America. — ^Australia and the gold diggings. 

The rocks and strata of England combine all varieties of geological 
formations, from the diluvial deposits and upper tertiaries to the 
secondary, transition, and primary rocks ; thus, within the small compass 
of our island, the geologist may find specimens of nearly all the classes of 
rocks that are to be met with in every part of the globe. 

The general dip or inclination of the strata is towards the south-east, 
so that each stratimi in succession comes to the surface on travelling 
from east to west ; and the accompanying section, from Suffolk to Corn- 
wall, presents a good illustration of the successive strata and beds that 
compose the crust of the earth. 

In the rocks and strata of England there is a remarkable conformity 
in their succession to each other, and they range from north to south 
with general continuity, as shown very distinctly in the geological map 
of Great Britain. On the west side of the island there are the primary 
rocks ; in the central division there occur the upper transition 
and lower secondary strata ; and along the east the oolite, chalk, and 
tertiary strata. It has been observed by Dr. Buckland that if three 
foreigners, previously unacquainted with England, were to travel 
separately through the country from south to north, one on the west, 
another through the centre, and a third along the eastern parts of the 
island, their reports of the condition of England and its population 
woidd be at complete variance. The one who took his route through 
Cornwall, Wales, and Cumberland, would tell of a mountainous country, 
barren of vegetation, and thinly populated, where the few inhabitants 
were chiefly occupied in mining. The traveller through the central 
portions would describe England to be an extremely fertile, undulating 
country, inhabited by a crowded, energetic, industrious population 
principally engaged in manufactures. . The traveller through the eastern 
counties, on the contrary, would report that the chalky downs and plains 
of Albion present rich pasture land and fruitftil com fields, and that the 
pursuits of the inhabitants are almost exclusively agriculturaL Such 
contradictory reports would be separately correct, and when examined 
collectively would afford a striking illustration of the influence in the 
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Bame oonntiy of geolo^cal confonnation on the condition of the surface 
and on the character ^id occupations of the population. 

The geolt^ of Scotland presents much leas -Tariety than that of 
England. The tertiary and secondly strata are wanting, and the 
transition strata occupy principally an extensive plain between ranges 
of primary moimtains to ihe south and to the north. 

Indications of violent internal action are conspicuous among most 
of the igneons rocks in Scotland, 'which has diHlocat«d them and 
distorted the strata by perpendicular upheavings and lateral comprea- 
sions. The contortions of the strata are veil displayed on the east 
coast of Scotland near St Abb's Head, where the slate cliffi, which rise 
to a h^ht of two hundred and three hundred feet, are distinctly bent 
sixteen times in a distance of six miles in the manner represented in the 
accompanying wood-cut 




The primary rocks of Scotland consist principally of gneiss, which 
rock is of very rare occurrence in England and Wales; and on the north- 
east of the Grampians, and in the extreme north, Uie granite appeara 
through the overlying gneiss. The old red sandstone is extensively 
developed in Scotlakd, and rests upon the gneiss withoat the intervention 
of any of the fossiliferous strata that are so conspicaous in Wales and 
Devonshire. It occupies the whole of the northern part of Scotland, 
from Cape Wrath .to the southern flanks of the Qrampians. Those 
mountains are described by Mr. Hugh Miller aa a nucleus of granite, 
gneiss, a^d other primary rocks set in a framework of old red sandstonei 
In Koss-shire it is two Uiousand feet thick, and rises to a height of three 
thousand feet above the level of the sea. 

The vale of Clyde and the valley of the Forth are rich in coal, which 
is of good quality, and occurs in beds of great extent and thickness. 

In the islands to the north-west, volcanic agency is remarkably con- 
spicuoos ; and the basaltic columns of Fingal's Gav^ in the Island of 
Stafia, are soarcely less remarkable than the more extensive ranges of the 
Giant's Causeway. There seems little reason to doubt that they bad 
both the same origin, and that the basaltic rocks extend under the sea 
from the Hebrides to the north of Ireland. 
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The physical geography of Ireland presents the remarkable peculiarity 
of chains of primary and transition mountains on the east and west 
coasts of the island, and a low level throughout the central parts. In 
consequence of this configuration of the country, there is a very imperfect 
drainage in the centre of Ireland, and vast tracts of swamps and bogs. 
Granite rises to the surface in the county of Dublin, where it forms a 
range of mountains about twelve hundred feet above the level of the sea, 
1^6 rounded summits of which contrast with the serrated and peaked 
slate mountains of the adjoining county of Wicklow. Granite also shows 
itself through the slate rocks on the opposite side of the island, in 
Galway, and to the north, in the county of Antrim. The carboniferous 
limestone occupies two-thirds of the entire (^untry. 

The coal distiicts of Ireland lie detached, at great distances apart, 
and occupy but small areas. The principal part of the small supply has 
been already worked out. 

The new red sandstone is sparingly developed. The districts in which 
it is found are in the counties of Tyrone and Antrim ; and the most 
southern part where the new red sandstone is met with is in the county 
of Monaghan. In sinking through the red marl in search of coal, beds 
of valuable rock-salt have been found at Carrickfergus. The new red 
sandstone is covered by lias, as in England, and that again by chalk ; 
but the chalk of Ireland, which occurs only in the north-east, is harder 
than the common chalk of England, and is called white limestone. 
Tertiary strata are distributed in several parts. On the south side of 
Lough Neagh, and in the counties of Tyrone and Down, and in the 
counties of Wicklow, Wexford, and Waterford, there are tertiary strata, 
but they do not occupy extensive areas* 

A remarkable feature in the geology of Ireland, which distinguishes 
it from England, is the extensive range of basaltic rocks on the north 
coast of Antrim, which covers an area of 1000 square miles. Great 
basaltic dikes also range from east to west in the province of Con- 
naught, which are supposed to be connected with the overlying basalt in 
Antrim. 

In many of the central parts of the country there are peculiar deposits 
of gravel called "eskers," which are well defined narrow ridges of pure 
gravel, which can be distinctly traced for twenty or thirty miles, and 
bear a striking resemblance to a railway embankment. These superficial 
deposits are supposed to have been occasioned by the presumed "northern 
drifb," which has swept along the low part of the country. 

On looking at the geological map of Europe,* it will be observed that 
the same rocks and strata which occur in such regular succession, and 
oome to the surface as we pass from the east to the west of England, occur 
also on most parts of the Continent, but they are there dispersed without 
having any principal axis of elevation. 

On the north-west coast of France, the primary rocks occupy an 
extensive district, being, most probably, a continuation of the Cornish 
and Devonshire rocks. To the east of those primary beds there is also 
a repetition of some of the midland strata of England. In Normandy 

♦ The geological map of Euro^, compiled by Professor Phillips, in the " Encydo- 
p»dia Mekopolitanaj" has been principally adhered to in the accompanying map. 
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meet with tiie same- oolite, «t, Caen, wiyech ccxnstitatesv tlie buiMin^ 
stoBe at Baiih; cmd farther totlie east there is^ a range of cludk clijB^ like- 
those on the south coast of Englaaid. In the oentreof France, also^ from 
' Paris to Metz, the succession of strata is similar to Idle section of the 
country hova London to Chelt^ahaoi, with the escarpments of the hiUs- 
le^ersed. The oolite and ehalk sweep in a Tast circle round EariSj &onr 
!N<»mandy to. Calais, Lille, Saumur to the moutk of the Seine^ and th^ 
oamir again in the 90utk of Eraucet 

The depositions of tertiary* sti»ta near Paris ckw^ comespoBd wf^k* 
tkose of the vale of Thames, the same strata being, it is assumed, con- 
taBoed under the Englisk Channel. 

As we proceed towards the soutk of France, the correspondence in 
Idle arrangement of strata with those of England disappeeurs. The 
tfflrtiary beds possess muek more prominence in the geological features 
c£ the country, and occupy extensive districts in the south and south- 
weaL Nor have the primaiy rocks, a bearing towards one point of the 
QMoapass, as in England, but presents themselves in. the north-west, in the 
aonthy aaid in the- soutk^west, and rise in the Alps to greater eleyations 
tinn any otlrar mountaiBS in Europe.. Another diaracteristie differenca 
between the geology^of England and that of France is the occurrence in& 
ike AuTci^ne of an extensile range of extinct, volcanoes, witk accomj* 
yanying Tolcaoic prediiets. The lower transitiea rocks are very scantil;jp 
rqmsented by » range of limited CEsdient in Britasmy ; and the granite 
IB the AlpS) iDfltead of being accompanied by the usHal primary rocks^ 
ia strangely associaiad witk tertiaryr strata thai have been elevated witk 
ifeto a hei^t of tea thovasnd fiset. 

We shall not attempt to trace the vacibus rock fbrmationa to their 
fMriBcular localituns in the different pacte of Europe.. The places where! 
tlwy are best dev^oped- have been, previously mentioned as they were 
separately noticed, and tke aceompanying map will convey an; idea, of tha? 
general dbtcibatioiL of the rocks in the geolo^cal series. 

So fiir as the> geology of Asia and: Afcicat is known, it denotes a similac 
oocurr^ioe of the same claseesr of rocks> following in the same order of 
sveoession as those of Euoope. In the mountain ranges these are found 
granite and the lower transition rocks,, and the secondary and tertiar^r 
steata are alse abundantly distributed in the lower lands. The roc^ 
eontain, corresponding fossils, and tke^ ^diibiti evidences^ of sinulaar 
€&itiirbances by elevation, solModence, and volcanic action. !&i the greats 
]£malaya cham of northern India, which is two t&ousand miles long ami 
&!om one hundred to ihiee hundred miles in breadth, granite oecuis at » 
hdight of 25,000 feet ; the lower transition rocks occupy a zone ata 
elevations varying &om fifte^i to eighteen thousand feet high ; audi 
seeent tertiary beds^ containing fossil remains o£ quadrupeds and shells,, 
are met with at a height of eighteen thousand foet. There are several 
estenave coal districts in Ind^ containing many workable beds of 
goedcoaL 

The mountains of Africa also exhibit successions of the same rocks ; 
and the immense sandy deserts, covered with salt and containing 
shells, indicate that the central portion of that continent has been, at no 
distant geological period, covered by the ocean. 

K we cross the Atlantic, and examine the geological structure of the 
vast continent of America, similar rocks, subject to the same law of 
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arrangemeut, are met with aa in the Old World ; and volcanic action is 
tJiere conspicuous on a magnificent scale. The Andes, vhich range 
north and south through the vhole extent of South America, have been 
compared to a vast volcanic dike, from two to three miles high, and 
from one hundred to two hundred miles broad, in which there may be 
seen thirty volcanoes exhibiting signs of activity. The base of this 
extensive mountain chidn is granite, which rises to a height of from fivg 
thousand to ten thousand feet Incumbent upon it are gneiss, mloa- 
slate, primary limestone, and clay slate, though they seldom occur con- 
tinuously. Kesting upon these 
rocks, as on elevated pedestals, 
■ ^ ►Wi J ^.B are immense masses of old por- 
ll^i'^'S'S ph^ry, on which again there 
"- ■« ^ -> 8 rest other beds of porphyry of 
more recent deposition, rich in 
metals ; and those rocks are fre- 
quently associated with basalt, 
clinkstone, and amygdaloid. The 
volcanic rocks form everywhere 
tOie summits of the Andes ; they 
sometimes attain the thickness 
of twelve thousand feet, and 
they are elevated in the moun- 
tains of Gotopaxi and Ghimbo- 
razo to heif^te exceeding twenty 
thousand feet above the level <^ 
the sea. 

In !North America, the chain 
of the Rocky Mountains on tie 
west exhibits the series of gra- 
nite and other primary rocks, 
followed by transition beds, the 
old red sandstone, coal, and the 
overlying new red sandstone. 
In the more eastern and less 
elevat«d range of the AJlegha- 
nies, the lower transition rocks 
fbrm the summits of the moun- 
.s ».'S 2 E § i I ■ **"^ J ^■"i o'* *^^ flanks and 
^f -"^,3 S-^-'l; in the valleys are extensive coal 
i districts, which spread over 
i areas of many thousand square 
^ miles. The coal of the MJs- 

4 sissippi occurs in such thick bedt^ 
't and Ues so near the sur&c^ 

5 that it is worked in open quar- 
^ ^ * ries. The coal is generally of 

:§ 8 i 8 *1»8 t"*^ called anthracit*, like 

„ ^.^'^^ ^ § ii -S '^* °^ South Wales, thou^ ex- 

S -I S "' ii ^ a ^^ cellent, blazing, bituminous coal 

IllJl^SS *^ met within some of the ooai 
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fields. There is a compaxative scarcity of tertiary strata in North 
America, and the fossils differ materially from those found in corre- 
sponding beds in the Old World, though several of the genera and 
species are identical. The upper secondary strata are also deficient, 
and there is no chalk on the American Continent. CaUfomia is 
situated on the western fianks of the Rocky Mountains; where the 
primary beds, and the gold-containing quartz dikes, are diversified by 
porphyry and volcanic rocks. The accompanying section of the country 
from the Atlantic to the sources of the Mississippi, a distance of 850 
miles, from east to west, is taken from the " Maniial of Greology," by Sir 
Charles Lyell, who has attentively examined the geological structure of 
the United States. 

The geology of Australia has acquired great importance since the dis- 
covery of its stores of gold. The primary rocks, granite, porphyry, gneiss, 
mica-slate, and clay-slate, are well developed in mountain ranges that run 
in parallel directions from north-east to south-west. Tertiary beds occupy 
extensive areas on the fianks of the mountains, and in the low ground ; 
but there is a comparative deficiency of secondary strata. The imme- 
diate neighbourhood of the "gold diggings" consists of schist diversified 
by quartz dikes, vertically bedded and fissured by deep creeks. Where 
the points of junction with minor creeks occur, bars of schist seem to 
accumulate fiuviatile and more ancient drift, and it is there especially 
that the gold is accumulated. In some places the quartz is studded 
with nests of gold, very abundant, and easily detached by the blow of a 
hammer. Gold is found in Australia, over an area of 700 square miles, 
in the tract of the Macquarrie alone, and that is but a portion of the 
area whei'e it may be deposited. 



CHAPTER XVIII. 

GEOLOGICAL THEORIES. 



Agency of internal heat. — Fusion of the materials of the globe inferred from its shape 
and the variations in gravitating force. — Gravitation a probable source of internal 
heat. — Supposed action of water and heat in disintegrating rocks. Progressive 
development of the condition of the globe. — Extinction and creation of genera and 
species of animals. 

The facts made known by geological researches necessarily induce 
speculation as to the causes that have produced such remarkable changes 
in the structui*e of the globe and in its inhabitants at different periods. 
We haye^ from time to time, considered the causes of the separate 
phenomena as they presented themselves to notice ; but we have reserved 
for the conclusion of our description of geological arrangements, a view 
of the theories that are supposed to account most rationally for the 
general structure of the globe, and the disturbances by which it has been 
agitated. 

The original theory of Werner, who attributed the formation of all 
strata entirely to the successive depositions of earthy matter from aqueous 
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suspension, has been for some time exploded ; and all geologists seem to 
admit the agency of internal heat, either as at present operating, or at 
least as having been active during the formation of the primary and 
transition rocks. Some division of opinion, indeed, exists respecting the 
cause of internal heat, it being attributed by some to chemical action 
arising from the combustion of the metallic bases of the earths and 
alkalies when they come in contact with water ; but the more general 
opinion is, that the materials of the earth were originally in a state of 
fdsion ; that the crust of the globe became solidified by cooling ; and 
that a great nucleus of heat still remains in the centre of the earth. 

As the source of internal heat has not been ascertained, it is impos- 
sible to estimate its highest degree of intensity. So far as experimental 
investigations extend, the temperature of the earth increases one degree 
of Fahrenheit's thermometer every seventy feet of perpendicular descent ; 
and, supposing it to continue to increase at the same ratio, at a depth of 
50 miles the temperature would be sufficient to fuse the hardest rocks. 
According to the theory of the correlation of forces, which has recently 
been received with much favour by scientific men, gravitation, heat, 
chemical attraction, &c., are merely various modifications of some single 
force, and each one can produce the other. If this theory be applied to 
explain the cause of central heat, we may suppose the heat to be derived 
from the mere pressure of gravitation ; and in that case it would become 
more and more intense, though in a diminishing ratio, towards the 
centre. 

The oblate spheroidal shape of the globe also affords ground for other 
and important inferences respecting its condition, which may be brought 
within the range of mathematical calculation. The form of a sphere 
flattened at both ends and protruding in the middle, is that which it is 
known any mass of matter would assume if rotating on an axis, and its 
particles were free to move. It may be inferred, therefore, from the 
shape of the earth, that the materials which compose it were once in a 
fluid state ; and, assuming the presence of internal heat, it may likewise 
be inferred, that the condition of fluidity was occasioned by fusion. 
Now it is evident, that the particles of a fluid rotating mass would adjust 
themselves so as to produce an equilibrium in all parts of the globe. 
For instance, if the globe were at rest, it would assume a perfectly 
globidar form ; and the attraction towards the centre at all points of 
the surface would be the same. But by the rotation on its axis, the 
action of what is termed " centrifugal force" would diminish the attrac- 
tion of gravitation near the equator, where the velocity of rotation is 
greatest, and an additional quantity of fluid matter would be accumu- 
lated there to counterbalance the centrifugal action. This accumulation 
of matter near the equator — which, if the rotation of the earth on its 
axis were to cease, would considerably add to the weight of bodies as 
they approached that portion of the globe — ^would be only just sufficient 
to counterbalance the centrifugal tendency occasioned by the rotation ; 
and a perfect equilibrium would be maintained, if the fluid state of the 
mass allowed the particles to adjust themselves. In the present state of 
the globe, however, this equilibrium is not maintained ; for the attrac- 
tion of gravitation diminishes as we approach the equator, notwith- 
standing the diameter of the earth at that point exceeds, by twenty miles, 
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that at the poles. This fact has been determined by accurate observa- 
tions on the vibrations of pendulums in different latitudes; the vibration 
becoming perceptibly slower nearer the equator. To produce such an 
effect as this, we must assume that after the surface of the molten mass 
had been cooled and consolidated, so that it could no longer alter its 
general form, there was deposited upon it a quantity of matter of less 
specific gravity than the internal mass. This covering of lighter mate- 
idalsy by extending the distance irom. the surface to the centre, would 
increase the velocity of rotation, and diminish the attraction of gravi- 
tation at the equator ; and such disturbance of the equilibrium could not 
be adjusted after the crust of the globe had become consolidated 

The diminution of the gravitation of the earth at the equator, and 
the causes which would produce it, are in accordance with known facts, 
and with the circumstances that it may be presumed would necessarily 
attend the cooling of the globe from an incandescent state. The water 
which now covers so large a portion of the earth's surface, must then 
have been in a vaporous condition, and, mingled with the air, the atmo- 
sphere must have occupied much greater space than its present limits. 
The cooUng of the molten mass would produce irregularities on the sur- 
face by contraction as great as, or greater than^ those in the present 
mountains and valleys. The vapour would first condense on the highest 
and coolest parts, and the water on running down into the declivities 
would be again converted into steam. The succession of condensations 
and vaporizations woidd induce chemical action, which, combined with 
mechanical erosion from the running water, would xiisintegrate the sur- 
&ce, and occasion the deposition of the particles on the lower levels. In 
this manner we may conceive that, after a long succession of revolutions 
round the sun, the beds of primary rocks that rest immediately on 
granite might be formed. Kor need we limit the operations to a con- 
tinued process of cooling ; for various circumstances might have arisen 
to have caused the ejection of molten matter to the surface, and thus the 
processes of remelting and cooling might have been repeated for long 
durations of time. Neither is it necessary to imagine any great convul- 
sion to have been requisite to produce such effects ; for when we consider 
that our highest mountains bear no greater proportion to the mass of 
matter on the earth than a few grains of sand do to the body of a twelve- 
inch globe, and that the thickest stratum of rocks is but as a coating of 
dust on the same globe, it need not excite surprise that such superficial 
particles should be disturbed and broken through by internal movements 
in the melted materials of the earth. Among the causes that might 
occasion irregularities of surface in cooling, the attractive powers of the 
sun and moon should not be omitted, which, it may be assumed, produced 
tides in the whole molten mass of greater extent than in the compa- 
ratively shallow waters of the ocean. 

Having laid the foregoing foundations for geological speculation, 
there will be little difficulty in conceiving the general plan by which the 
superstructure has been raised. With an admitted source of internal 
heat, to be applied whenever required, and being allowed a countless 
succession of years to effect the deposition of strata, geologists can 
explain most of the phenomena that present themselves, connected with 
the mere construction and arrangement of the materials of the earth ; 
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and in general principles they are for the most part agreed. They agree 
in opinion, that the rocks which lie in succession upon one another were 
formed by the disintegration of the rocks on which they rest ; occasion- 
ally diversified by the obtrusion of igneous rocks, which, in their turn, 
assisted by their disintegration in the formation of strata. They agree, 
that the deposition of the transition and secondary rocks was effected, 
for the most part, under water, and that the crust of the globe has, at 
several different periods, been raised above the level of the sea, which 
has again covered it ; and they further agree, that these movements have 
been effected by subterranean agencies. But there are numerous points 
of minor importance respecting which geologists differ. 

The theoretical question which now excites most attention, is, whether 
the changes on the surface of the earth have been produced by convulsive 
movements, succeeded by long periods of repose ; or, whether they have 
been brought about by the gradual influence of causes that are constantly 
in operation. 

The former is the older theory, and the one most generally adopted ; 
the latter has, however, been making considerable progress by the zealous 
and able advocacy of Sir Charles Lyell. The enormous deposits at the 
mouths of great rivers, formed by the debris from inland mountains and 
high grounds ; the known gradual subsidence of the land in some places, 
and its elevation in others j the drainage of extensive lakes, the beds of 
which exhibit freshwater deposits; the rents and fissures caused by 
earthquakes, and the immense tracts covered by eruptions from volcanoes 
within the range of history, are evidences adduced by Sir Charles Lyell, 
to prove that such causes would be adequate, if continued for an un- 
limited period, to produce changes equal to those that are observed to 
have taken place on the earth's crust in past geological time. 

There is, however, so much general uniformity in the deposition of 
the lower rocks, and there are such marked changes in the characters of 
distinct formations in all parts of the world — especially in those that 
have taken place between the transition and the secondary, and between 
the secondary and the tertiary formations — ^that it is difficult to imagine 
they were not produced by some imiversal cause operating at the same 
time, and by some grand movements different from any that have been 
produced in historic time. 

If we admit, therefore, that the operation of existing causes would be 
sufficient to produce most of the changes that have taken place during 
the tertiary periods, we can scarcely admit their sufficiency to produce 
such general upheavings of the land as occurred before the commencement 
of the coal series, and the subsequent subsidences under the level of the 
sea j nor, even in the most recent geological periods, can existing causes 
account for the sweeping away of immense masses of strata frx>m tl^e stir- 
£5ice, and the deposition, alike on mountain and in valley, of vast blocks 
brought from fer distant regions. 

The conclusion at which we arrive, after consideration of the theory 
of progression, is, that whilst important changes on the earth's sur&,ce are 
continually taking place under the influence of existing causes, they are 
not of such a character as to have produced the complete alterations that 
have occurred in certain periods of former worlds j and that though there 
has been at all times of the progress of the globe to its present state, the 
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active operatioii of existing agencies, there have been also successions of 
"paroxysms** which have effected greater disturbances in the condition of 
the globe than could have been effected by progressive action. 

With regard to the creation of new species, that is one of the myste- 
ries as yet beyond the bounds of human comprehension, and probably 
will for ever remain so. 

Though the generally admitted progressive development of the con- 
dition of the globe is accompanied by a progressively increasing complexity 
of animal organization, there is not observable in the succession of 
animated beings any approach to transmutation from a lower to a higher 
form of life ; and geological research, as well as physiological investiga- 
tion, contradicts such an assumption- Whilst, therefore, there has been, 
and continues to be, a progressive development of the condition of the 
ea/rth, occasioned by the decomposition of its elementary rocks ; the 
PROGRESSIVE ORDER of cmimol life, which accompanied it, had no appa- 
rent antecedent cause; and, so feu: as human knowledge extends, the 
introduction of new forms of life, in advanced conditions of the globe, has 
been produced by the special agency of Creative Power. 
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With Portraits. 



Demy 8vo, cloth, 6«. per Volume ; calf, marbled edges, 10*. 6d. 5 morocco 

extra, gilt edges, I2s. 

Second Edition^ revised, 

NINEVEH AND ITS PALACES: 

The Discoveries of Botta and Layard applied to the Elucidation of Holy Writ. »By 
Joseph Bonohi. Illustrated with above Two Hundred Engravings. 

OUR IRON ROADS: 

Their History, Construction, and Social Influences. By Faeoebick S. Williams, 

With numerous Illustrations and Diagrams. 

Second Edition^ revised, 

THE THREE COLONIES OF AUSTRALIA: 

Kew South Wales, Victoria, and South Australia : their Pastures, Copper Mines, and 
Gold Fields. By Samuel Sidney, Author of '* The Australian Handbook/^ &c., 
with numerous authentic Engravings. 

AN ILLUSTRATED LIFE OF FIELD-MARSHAL THE 

DUKE OF WELLINGTON, 

THE COMMANDER-IN-CHIEF OF THE BRITISH ARMT. 

By J. H. STOcquBLER, Esq., Author of "The British Officer," "The Handbook of 

British India,'* &c. &c. Two Volumes. 

Household Gods of the Gilicians. 

LARES AND PENATES : 

Or, Cilicia and its Govern^uv. Being a short Historical Account of that Province, from 
the Earliest Times to the Present Day. Together with a Description of some 
Household Gods of the Ancient Cilicians, broken up by them on their Conversion 
to Christianity, and first discovered and brought to this country by the Author, 
William Burckhardt Barker, M.R.A.S., many years resident at Tarsus in an 
official capacity. Edited by William Francis Ainsworth, F.R.G.S., F.G.S. 

ENGLISH FORESTS AND FOREST-TREES : 

Being an Account, Legendary, Historical, and Descriptive, of the Forests and Trees of 
England, and the associations and events connected with them. Profusely illus- 
trated. 

THE THREE PRESIDENCIES OF INDIA: 

Their Rise, Progress, and Present Condition. A complete Review of the British Indian 
Possessions, from the Earliest Period to the year 1853. By John Capper, B^., 
F.R.A.S. Profusely illustrated. 

ALGERIA : 

The Topography and History, Political, Social, and Natural, of French Africa. Bj 

John Reynell Morell. Profusely illustrated. 

THE MICROSCOPE : 

Its History, Construction, and Applications. Being a familiar introduction to the use 
of the Instrument and the Study of Microscopical Science. Illustrated with upwards 
of 500 Drawings of Objects. By Jabez Hogg, M.R.C.S., &c. 

THE PRACTICAL FARMER: 

A Guidp to Modem Husbandry, embracing the Art and Science of Agriculture ; also 
comprehensive Instructions on Breeding, Rearing, Grazing, and Fattening of Stock, 
on Drainage, Manures, &c. &c. By G. H. Andrews, Esq., late of Fleet and Biook 
Farm, Author of " A Treatise on Agricultural Engineering,'* &c. &c., copiously 
Illustrated bj Engravings of Plans, Views, Animals, and Agricultural Implemeiits, 
by Duncan, Weir, Linton, Hare, &c. &c. 



FOFULAR EDUCATIONAL WORKS. 

This Series of Educational Works is intended to supply, at the cheapest possible rate, 
books adapted for Schools and Private Study. The old system of instruction, by 
which the names of things only were presented to the mind of the pupil, has been long 
admitted to have been imperfect and unsuccessfuL With the young it is necessary 
to speak to the eye as well as the mind ; to give a picture of an object as well as a 
description; and the adoption of such a plan of tuition is not only by far the most 
effective, but also far less irksome to the teacher, and more pleasant to the pupil. The 
great success which has attended the works published in this Series — above one-eighth 
of a millioH copies of one work alone (the Spelling-book) having been sold — ^is proof 
that such a class of works is required. 
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Fifth Edition. 

WEBSTER'S DICTIONARY 

OF THE 

ENGLISH LANGUAGE ; 

Exhibiting the Origin, Orthography, Pronunciation, and Definition of Words; comprising 
also a Synopsis of Words variously Pronounced by different Orthoepists, and Walker^s 
Key to the Classical Pronunciation of Greek, Latin, and Scripture Proper Names. A 
New Edition, revised and enlarged, by C, A. Goodrich, Professor in Yale College. With 
the addition of a Vocabulary of Modem Geographical Names^ and their Pronunciation. 
The new words that have been added amount to several thousands, and the Dictionary 
now contains 27,000 words more than " Todd's Edition of Johnson." The work is 
handsomely printed upon a fine paper, in a clear readable type, in double columns. 

Royal Bvo, extra cloth, 1265 pages 
Strongly bound in russia, marbled edges 
Ditto, ditto, half-russia, marbled edges 
Ditto, ditto, calf gilt, ditto .... 
Ditto, ditto, hali-calf, ditto . . • 

Testimonials. 

" We can have no hesitation in giving it as our decided opinion, that this is the most elaborate and 
successful undertaking of the kind which has ever appeared."— rime*. 

" The present edition is in a handsome portable torm— imperial octavo ; it is clearly and correctly 
printed, upon moderately thick paper; and it is sold at a price proportioned rather to the wants of the 
public than to its intrinsic cost— so cheap is it compared with other similar publications." — Obterver, 

" Best Dictionary of the English Language." — Morning Chronicle, 

" A noble monument of erudition." — Literary Gazette, 

*' Most complete, accurate, and reliable Dictionary of the Language."— rAtr#y Membere of United 
States Senate. 

** It is acknowledged, both in this country and in America, to be the most copious and most excel- 
lent at present in circulation." — Editor of the London Imperial Dictionary ^ 1649. 

" We rejoice that it bids fair to become the standard Dictionary to be used by the numerous mil- 
lions of people who are to inhabit the United States."— 5t^ed hy 104 Membere of Congress, 

*• Washington, Jan. 31, 1850. 

" I possess many Dictionaries, and of most of the learned and cultivated languages, ancient and 
modern ; but 1 never feel that I am entirely armed and equipped in this respect, without Dr. Webster 
at command." — Daniel Webster. 

*' This third edition of Webster's unrivalled work gives us an opportunity of recording our Judg- 
ment in its favour, and in harmony with authorities who have described it as the standard of our lan- 
guage. Dr. Johnson places the writer of dictionaries among the unhappy mortals who are exposed to 
censure, without the hope of praise; one whom mankind have conbidered not as the pupil but as the 
slave of science, the prisoner of literature, and its humble drudge where toils are not cheered by a smile* 
ftom learning and genius as they press forward to conquest and glory. If this be the rule. Dr. Webster 
is the exception. There is, we suppose, no scholar or writer in this country who does not give the 
greatest honour to the man whose lengthened labours, aided by his very able associates, have compiled 
thJa vast treasure of learning. Great indeed was the work of Dr. Johnson, but it has necessarily ceased 
to be a dictionary of a language which has bten growing and enriching itself ever since he laid down 
his pen, and of which period we have the benefit in the 27,000 words more than are contained in Todd's 
Johnson. The book is essential to every one who wishes to know the words that are now in our 
tongue, their definition given with severe simplicity and beauty, their correot pronunciation, and their 
classification in synonymes."— Xeecff Times, 



ILLUSTRATED EDUCATIONAL WORKS. 



TWO HVlfDREDTH THOUSAND. 



The niTistrated London Spelling-Book ; illustrated by upwards 

of One Hundred and Seventy beautiful Woodcuts of Objects and Scenes described ; 
fonning by far the most alluring Introduction to Learning ever published. 144 pages, 
cloth. Is, I with coloured Plates, 2^. 



PIFTT-FIRST THOUSAND. 

The Slnstrated London Beading-Book ; containing a Series of 

Lessons on the most amusing and instructive subjects, selected with great care from the 
best English Authors in prose and verse. The whole beautifully illustrated with above 
Two Hundred and Fifty Engravings. Cloth, 2s. 

THIBTT-FIBST THOUSAND. 

The Slnstrated London Instmctor; being a Companion to 

the Reading- Book ; consisting of Elxtracts from English Classical Authors, from the 
earliest periods of English literature to the present day. With One Hundred and 
Twenty fine Engravings. Cloth, 2s, 

" ' The lllnstrated Spelling-Book'— aptly deseribed aa forming by far the most alluring hitroduc- 
tion to learning ever published — ^made iU first appearance, if we remember rightly, in 1848, and was 
followed by the ' Illustrated Reading-Book,' which in its tarn was succeeded by the ' Illustrated 
London Instructor/ These three publications, eminently attractive and deservedly popular, embrace 
the rudiments of a useful and even liberal education, as far as English literature is concerned ; and 
if in early youth the learner progresses not beyond the mastery of these volumes, he will at least have 
laid a solid foundation for the elaborate superstructure of science and art to be erected in after-life."— 
Weekly Time*, 

A New and greatly improved Elementary Orammar of the 

ENGLISH LANGUAGE, uniform with the *' Illustrated London Spelling-Book.*' 
Strongly bound in cloth, 1«. 

First Lessons in Arithmetic, on a New Flan. By Hngo Beid, 

late Principal of the People's College, Nottingham, and Author of numerous Educa- 
tional Works. Demy 8vo, cloth, 2s, 

*' The First Lessons in Arithmetic are calculated to awaken the dullest intellect.'*— 5toiR/ord Merc. 
" The book is capitally adapted for the use of schools and for private tuition ; and is remarkable 
for the beauty of its typ<^aphy."— Dcrfty Mereurif. 

Second Edition. 

The ninstrated London Geography. By Joseph Guy, jnn., 

of Magdalen Hall, Oxford, Author of numerous popular Educational Works. Demy 
8vo, with about One Hundred Engravings of Cities, Customs, and Wonders of the 
World, &c. The Drawings are made with great care from truthful sources. Nine 
Maps have been engraved by a patent process expressly for this work, and are corrected 
to the present period. Cloth, 2s, ; coloured plates, 3s. 

** The present volume is beautifully ' got up,' and, being carefiilly compiled, presents a complete 
epitome of geographical knowledge/*— 7ai<'« Magazine, 

" A class-book for young learners. The salient features of the geography of the several countries, 
with brief notices of their government and religion— of historical Incidents, natural productions, phy- 
sical characteristics, &c.— are given in a concise style that is likely to make an impression on the imttd 
of the pupil, the effect being aided by maps and numerous engravings." — Brietot Mercury. 

** The Government press has produced no such elementary works as those of Ingram, Cooke, and 
Co., and other publishers— no such spelling-books, reading-books, and treatises on Geography, Opties, 
and Astronomy." — Morning Advertiser ^ September 2Bthi 1853. 

The ninstrated London Astronomy, for the Use of Schools 

and Students. By J. R. Hind, F.R.A.S. (of Mr. Bishop's Observatory, Regent's Park). 
With numerous illustrative Drawings and Diagrams. Demy 8vo, cloth, 2s, 

** Mr. Hind has certainly managed to simplify his sublime subject, and give a great amount of In- 
formation in a few words."— ifr< Journal. 

*' Mr. J. R. Hind is so well known in connection with planetary researches, that his appearance in 
an educational libiazy is as surprising as it is gratifying.**-^ Sherborne and Dorchester Journal. 



ILLUSTRATED EDUCATIONAL WORKS. 



The Elements of Natural PMosopliy (double volume). By 

JjLBEZ Hooo, M.R.C.S. Illustrated by upwards of 300 Woodcuts. Demy 8vo, 
cloth, 4«. 

" Remarkable for its completeness, the number of admirable illustrations, and its cheapness. It 
will be extensively useful to schools and private students." — Daily Newt, 

" It is completed in a style exceedingly creditable both to its editor and publishers; and we know 
of no work we can so strongly recommend as an interesting and usefUl introduction to the physical 
sciences."— if edtca/ Time* and Gaxette, 

The lUnstrated London Architectiiraly Engineering, and He- 

chanical Drawing- Book. By R. S. Burn. With numerous Engravings. Demy 8?o, 
cloth, 2s. 

" This book should be given to every youth, for amusement as well as for instruction." — Taunlon 
Journal, 

Electric Science : its History, Phenomena, and Applications. 

By F. Bakewell, Author of '^Evidences of Christianity," &c. Copiously illustrated. 
Demy 8vo, cloth, 2*. 

« So much attention is drawn to this subject ; its powers, though coeval with the creation, have 
been only so recently applied to facilitate communication ; and we look to it so confidently for farther 
assistance, — that there is no compendium of recent date of such value to ourselves or to our children: 
the explanations are singularly clear, even to the non-scientific ; and the volume, dealing as It does in 
miracles of facts, possesses all the interest of a novel." — Art Journal, 

Geology for Schools and Students ; or Former Worlds, their 

Structure, Condition, and Inhabitants. By F. C. Bakewell, Author of " Electric 
Science/* &c., with copious Illustrations. Price 2«., cloth gilt 

The Iliustrated Practical Geometry. Edited by Robert Scott 

Burn, Editor of " The Illustrated London Drawing-Book." Demy 8vo, cloth, 2*. 
(Second Edition.) 

** Suited to the youthfUl mind, and calculated to assist instructors, filled as it is with really good 
diagrams and drawings, elucidatory of the text,'*— Globe. 

The First Six Books of Euclid^ with numerous Exercises. 

Printed on a New Plan, with accurately executed Diagrams. Demy 8vo, cloth, 2«. 

The present work, embracing the First Six Books of the Elements of Euclid, or, in 
other words, the foundation of Plane Geometry, is intended as a companion volume to 
that issued with it on Practical Geometry ; the one embracing the theory, the other the 
application. 

The text adopted is that of the distinguished mathematician, Dr. Simson. In very 
few instances has any change been made, and that only when it seemed to be positively 
necessary. Several attempts have been made, by altering the text and the arrangement, 
to reduce the demonstrations of Euclid to what may be considered a more popular form, 
but these have been attended with little success ; and a text like that of Simson, clear, 
direct, and unencumbered, like absolute truth itself, will always be adopted by scholar 
and student. 

It has been thought unnecessary to extend this volume beyond the first six books of 
the Elements, or to enlarge it by notes, as it will be followed by other works carrying 
the subject forward. A number of Exercises on each book have been given, the solu- 
tions of which will be published separately. 



ILLUSTRATED EDUCATONAL WORKS. 



Mechanics and Hechanism. By Robert Scott Bum. With 

about 250 Illustrations. Demy 8vo, cloth, 2s, (Second Edition.) 

• 

** One of the best-considered and most judiciously-illustrated elementary treatises on mechanics and 
mechanism "which we have met with. The illustrations, diagrams, and explanations are skilfully in- 
troduced, and happily apposite; numerous, and beautifully executed. As a hand-book for the instruc- 
tion of youth, it would be difficult to surpass it."— Derby Mercury. 



The niustrated London Drawing-Book: comprising a Com- 
plete Introduction to Drawing and Perspective ; with Instructions for Etching on 
Copper or Steel, &c. &c. Illustrated with above Three Hundred Subjects for Study in 
every branch of Art. By Robert Scott Burn. Demy 8yo, cloth, 28, (Second Edition.) 

" Here is a work which has long heen a desideratum with the English people. It is the completest 
thing of the kind which has ever appeared." — TaWt Magazine. 

" This is a very capital instruction-hook, embodying a complete course of lessons in drawing, from 
the first elements of outMne^sketching up to the more elaborate roles of the art." — Bristol Mercury. 



Handbook of Foliage and Foreground Plants. By George 

Barnard, Esq., Author of ** sketches of Switzerland," "Drawing Book of Trees," &c. 
Post 8yo, cloth, 6s. 

This book is completely illustrated with Sixty progressive Plates, filled with vaiio^s 
studies of the best style of lithography, and will be found peculiarly valuable as a 
text-book for Students. 



John Bamett's Kew Edition of Wade's Handbook to the 

PIANOFORTE : comprising an easy Rudimental Introduction to the Study of that In- 
strument, and Music in general ; the Art of Fingering according to the Modes of the best 
Masters, exemplified in various Exercises, Scales, &c., in all the Major and Minor Keys ; 
and interspersed by Relaxations from Study, consisting of Popular Melodies and Ro- 
mances, and Selections from the Pianoforte Compositions of the most celebrated Mas- 
ters ; also a short and easy introduction to Harmony or Counterpoint, and a new Voca- 
bulary of Terms. Demy 4to, neatly bound in cloth, with Engravings and Diagrams. 
Price 6s, 

'' As a manual, the hook before us is decidedly commendable; and we have great pleasure in prof- 
fering it to the attention of the pupil and student, who will find in it much matter worthy their most 
careful and serious perusal."— if u«icai World, 



The Illustrated New Testament (Authorised Version) ; with 

upwards of One Hundred and Twenty Engravings, beautifully bound in cloth, embossed 
and gilt sides, gilt edges. The Illustrations are from drawings executed by eminent 
Artists expressly for this edition ; with Notes historical, explanatory, and descriptive ; 
and embellished by a novel Panoramic Picture of the Holy Land, and a View of Lower 
Egypt. 4to, cloth gilt, Ss. 



Also in pre^pamtion, Works on the Steam-Engine, Algebra, dkc. 



Elegant §iU-'^uh. 



Magnificent Edition of Uncle Tom's Cabin. 

Uncle Tom's Cabin ; or, Life among the Lowly. 

By Harriet Beecher Stowe. Now ready, in a handsome form (demy 8vo), printed on 
the, best paper by Messrs. Bradbury and Evans, elegantly bound in cloth gilt, 
illustrated with One Hundred and Twelve Drawings by Georob Thosias, engraved 
by W. L. Thomas, and Fifty Ornamental Initial Letters and Tailpieces by T, B. 
Macquoid. Price 12«., gilt edges, forming a most superb gift-book. In morocco, 
gilt edges, 2U. 

*«* Every effort has been made to render this edition the best that has yet appeared, 
with respect alike to typography, binding, and artistic illustration. The Drawings 
are, however, its chief feature. A protracted residence in the United States of 
America has afforded Mr. George Thomas peculiar opportunities of making himself 
familiar with the physiognomy of the Negro race, and the characteristics of Life in 
the Southern States ; thus his Sketches are of a character entirely different from any 
that have appeared in the earlier editions of Mrs. Stowe's world-renowned Tale. 

The Life of Martin Luther, the Grennan Eefonner, 

In Fifty Pictures ; to which is added a Sketch of the Rise and Progress of the Reforma- 
tion in Germany. Super-royal 8vo, beautifully illustrated with Fifty Plates in the 
highest style of German Art, handsomely bound in cloth, gilt, price, morocco, 2U. 

The Coinage of the British Empire, 

From the earliest Period to the present Time, with a Chapter on the proposed System 
of Decimal Coinage. By H. Noel Humphreys, Author of ^ The Origin and 
Progress of the Art of Writing," &c. Completely illustrated by fac-similes of the 
British and Colonial Coins, represented by a Chromolithographic process in their 
respective metals, gold, silver, and copper. 4to, elegantly bound in cloth extra, 
gilt edges, 1/. 1«. ; or bound in imitation of the ancient carved book-covers, 1/. bs. 

The Origin and Progress of the Art of Writing* 

Being a Complete History of the Art in all the stages of its development, from the 
simple pictorial writing of the early Chinese and Mexicans, and the cuneiform 
inscription of the Assyrians, to the different styles of European MSS. from the 
6th to the 16th century, and the progress of ordinary writing from the invention of 
printing to the present time. By H. Noel Humphreys, Author of the *' Illuminated 
Books of the Middle Ages,** ^' The Art of Missal Painting,** *'*' Ancient Coins and 
Medals,** &c &c. Illustrated by numerous coloured Plates, executed in a highly- 
wrought style of Chromolithography, from examples of the painted writing of the 
Egyptians and Mexicans, and from beautiful specimens of the illuminated writings of 
the Mediaeval and more recent periods of Modem History, including fee-similes 
from the Magna Charta, Domesday Book, &c., followed by a series of fac-similes 
tram private letters, works in MS., signatures, &c. &c., and a great variety of 
autographs, chronologically arranged. 4 to, handsomely bound in cloth, \U\8. 

Neto Edition, with upwards qf Fifty Illustrations d^ John Gilbert, engraved in the 
first style of art by Dalziel Brothers. Price 2ls, ; or morocco, \l. l\s. 6d, 

The Salamandrine ; or, Love and Immortality. 

By Charles Mackay, LL.D., Author of^'' Egeria,** *' Legends of the Isles,** &c. &c. 

A Holiday Book for Christmas and the New Year. 

Amusement for Winter Evenings, containing Fairy Legends and Tales, Christmas 
Carols and Music, Poetry, Pictures of Christmas Sports, Manners and Customs, 
&c. &c., specially adapted to the Season. Profusely and superbly illustrated, in 
elegant binding. This splendid book contains above Two Hundred and Fifty 
Engravings of the highest order ; it will prove at all times a delightful Table Book 
for the Drawing- Room. The volume is the size of tbe Illustrated London News, 
printed on a fine thick paper made expressly for it. It contains instruction and 
amusement for all ages. But few copies remain, and it will not be reprinted. Folio, 
in cloth, or in emblematical binding, ILls, 

The Parables of Friedrich Adolph Ernmmacher. 

Translated from the Eighth German Edition (the last revised by the Author). Embel- 
lished with Forty beautiful Drawings by J. R. Clayton, Esq., engraved by Dalziel 
Brothers. Small 4to, beautifUUy printed on the finest paper, and tastefully bound 
in cloth, gilt edges, 6f. These Parables, by the Author of ''Elijah the Tishbite,** 
must be welcome to all readers, inculcating, as they do, in an alluring form, the deep- 
est truths of Christianity. As a book for Sabbath reading, it is hiehly commended, 
and is in univeisal use throughout Germany. Elegantly bound in moroccO| I2s, 



ILLUSTRATED BOOKS FOR THE RAIL. 

ONE SHILLING EACH. 
Fourth Editi&iu 

The Adventures of TSx. Verdant Green, an Oxford Freshman. 

By CuTHBEBT Bedr, B. A. Crown 8vo, with numerous Illustrations by the Authof-f 
In ornamented wrapper, price 1«. ; cloth, la, 6(L 

Boys and their Rnlers; or. What we do at SchooL Crown 8vo, 

with Eight Engravings by McUonnell. In ornamented wrapper, price Is. ; cloth, 
l8.6d, 

SeeoTid Edition, 

Tankee Hnmonr and Uncle Sam's Fnn. Edited by W. JerdaUi' 

Esq. Illustrated. Crown 8vo, ornamental wrapper, Is.; cloth, Is. 6d. 

%* The First Edition of this extraordinary book having been exhausted in a tew days, and dis- 
appointment having arisen by the mm-supply of first Orders, the Public uid the Trade are informed 
that the vrork can now be furnished in any quantity. 

The Log of the Water-Lily (Thames Gig) during Two Cruises 

on the Danube^ Rhine, Neckar, Maine, and Moselle, in the Summers of 1851-2. 
By R. B. Mansfield, B.A. In ornamental wrapper, price Is, 



«^^AA^/^^^V«^rfi«^^^^^/\^^^^'^^^^WV^ 



A BOOK FOR TOURISTS ON THE RH^E. 
TheBhine. Translated from the French of Victor Hnga. With 

a Guide for Tourists. By D. Aird. Illustrated from Designs by Habyey. Or- 
namental wrapper. Is. ; cloth, Is. 6<L 

Now ready t Seventh Bditioni 

Letters left at the Pastry-Cook's. By Horace Hayhew. Crown 

8vo. Eight spirited Engravings by ** Phiz.'* Ornamental wrapper. Is. ; cloth, 
Is. 6d. 

New Edition. 

The Bailway Anecdote-Book. For the Beading of Bailway 

Passengers. Two Thousand Anecdotes for One Shilling. Fortieth Thousand. 
Royal 8vo, wrapper, 1«. ; cloth. Is. 6 J. 

An ninstrated Biography of Field- Marshal the Duke of Wel- 
lington, embracing his Military and Political Career. In clear legible Type for 
Riulway Readers. Post 8vo, wrapper, Is. ; cloth, l8..Qd. 



ANECDOTES OF THE DUKE OF WELLINGTON. ^ 

Wellingtoniana. — Anecdotes, Iffa.irinifl, and Opinions of the Dnke 

of Wellington : collected by John Tikss, Compiler of '* Laconics,*' Author of 
*' Popular Errors explained," &c. &c Post 8vo, illustrated.. Wrapper, !«•$ 
cloth. Is. 6d. 

New Edition^ revised. 

Honey; How to Get, How to Keep, and. How to Use it: a 

Guide to Fortune. Crown 8vo, ornamental wrapper, 1«;; cloth, \s. 6d. 

Louis Kossuth, (Governor of Hungary. Authentic Life from Child- 
hood to his Overthrow by the ^combined Armies of Austria and Russia. Sto, 
embellished with beautiful Engravings, and stitched in illuminated wrapper, Is, 



ILLUSTRATED BOOKS FOR THE RAIL. 



THE MOST COMPLETE LONDON GUIDE FOR VISITORS. 
The niustrated Handbook to London and its Environs. With 

Fifty Engravings, Two Maps, and a Panorama of the River Thames from Windsor 
to the Nore. Crown 8tq, in wrapper, tl«.:; cloth, Is. Qd* 

The Giants of Patagonia: Captain Boume'ift Account of his 

Captivity amongst the extraordinary Savages of Patagonia. With Six fine En- 
(ptivings. To which is added the painfully interesting Narrative of the Fate of the 
. Fatagonian Society's Mission in Terra del Fuego. Foolscap 8vo, wrapper, U. ; 
cloth, Ig, £d. 

Second Edition* 

A Story ndth a Vengeance ; or^ How many Joints may go to a 

Tale. Inscribed to the greater number of Railway Travellers, and dedicated to 
the rest. By Angus B. Reach and Shirley Brooks. Illustrated by Leech, 
Coleman, and Shxth. Crown 8vo, Ornamental Wrapper, 1«. ; cloth, Is, ^d, 

IMPORTANT TO EMIGRANTS. 

Second Edition, 

The Domestic, Hedical, and Surgical Gxiide for the Nursery, the 

Cottage, and the Bush. Written at the request of Mrs. Caroline Chjsholh, by 
Jabez Hoog, M.R.C.S. With Advice for the Preservation of Health »t Sea, and 
the Orders of the Government relating thereto. Crown 8vo, Wrapper, Is. ; 
cloth, U. 6d. 



Caleisi of tbt Cttg of ilontron. 

Osbert of Aldgate ; a Tale of the Goldsmiths' Company. Hand- 
somely printed in Foolscap 8vO| 160 Pages, Ornamental Binding, with Six En- 
gravings. Ornamental boards. Is, ; cloth. Is. 6d. 

II. 

Qneen Philippa and the Hnrrer's Daughter ; a Tale of the Ha- 
berdashers' Company. With Six Engravings. Ornamental boards. Is. ; cloth. Is. 6d. 

III. 

Claribel the Sea-Hald ; a Tale of the Fishmongers' Company. 

Illustrated with Six Page Engravings. Ornamental boards. Is, ; cloth^ Is. 6d. 

IV. 

The Bride of Bnchlersbnry ; a Tale of the Grocers' Company. 

With Six Page Illustrations. Foolscap 8vo, -boards. Is. ; cloth, Is. 6d. 

V. 

Whittington and the Enight Sans-Terre; or, the Hermit of 

Tottenham. A Tale of the Vintners' Company. Foolscap 8vo, ornamental 
boards, Is. ; cloth, Is, 6d, 

Sixth and concluding Volume, 

Fitz Alw]rn, the First Lord Mayor; a Tale of the Drapers' 

Company. Foolscap Svo, ornamental boards, Is, ; cloth. Is. 6d, 

N.B. The Series of " Tales of the Cixr or London" is now complete, and will not be further 
extended. Price of Seiiesi Six Volumes, boards, 6«. ; clothi 9s, 



ISCELLANEOUS. 



Price Two Florins — Four Shillingt. 

The Decimal System in Kumbers, Coins, and Accounts, espe« 

ciallj with a Tiew to the Decimalisation of the Currency and Accountancy of the 
United Kingdom. By Sir John Bowring, LL.D., her Britannic Majesty's Pleni- 
potentiary in Chinift. With Portraits of Dr. Bowring, Sir John Herachel, Pro- 
fessor De Morgan, Professor Airy, the Dean of Ely, Mr. Hankey, M.P., Mr. 
Brown, M.P. ; and accurate Engravings of One Hundred and Twenty Coins, Andeot 
and Modern. 

The ninstrated London Cookery Book; the Housewife's best 

Adviser at Market, in the Kitchen, and at the Dinner-Table. Embellished with 
upwards of Two Hundred useful and descriptive Wood EIngravings, and One 
Thousand Five Hundred Original Receipts, embracing the whole Science and Art 
of Cookery, selected with great care and a proper attention to economy. By 
Fbedebick Bishop, late Cuisinier to St. James's Palace, Earl Grey, Marquis of 
Stafford, Baron Rothschild, &c. Demy 8vo, cloth, price Ss. 

NAPOLEON THE THIRD, EMPEROR OF THE FRENCH. 

The Political Writings of Louis Napoleon Buonaparte. With 

an original Memoir of his Life to the present date, from Authentic Sources, Critical 
Notes, &c. Cloth, price 1/. Is, 

The same, handsomely bound in calf gilt, marbled edges, 1/. lOs, 

Western India— Beports addressed to the Chambers of Commerce 

of Manchester, Liverpool, Blackburn, and Glasgow, by their Commissioner, the 
late Alexander Mackat, Esq., with a Preface by Thomas Beglet, Esq., Presi- 
dent of the Manchester Chamber of Commerce. Demy 8vo, cloth, with illustxstlve 
Maps and Diagrams.. Price 12f.. 

Novf ready, in one handsome 4io voL bound in clothe gilt, 

The ninstrated London Almanac^ for Eight Years, from 1845 

to 1852. Price 6«. 

The Four last Years of this interesting Almanac^ bound in cloth, price 3«. 6<2. 

The Crystal Balace and its Contents; being an ninstrated Cyclo- 
paedia of the Great Exhibition of the Industry of All Nations, 1851. Embellished 
with upwards of 500 Engravings. 4to, handsomely bound in blue and silver, with 
a Copious Analytical Index. Price 5«. 

Hen and Manners. By William Hazlitt. A Series of Sketches 

and Essays : On Reading New Books, &c. In cloth, price 2s, 

Panoramic View of the Holy Land ; exhibiting the Places and 

Cities mentioned in the Old and New Testament. Fine Steel Engraving, 2 feet by 
8 inches. On plate paper, mounted, price 2s, 6d, 

Panoramic View of Lower "Egyvt^ Arabia Petrssa, Edom^ and 

Palestine, including the Head of the Red Sea and the Isthmus of Suez. Sho«i?tig 
the Route of the Israelites from Egypt to the Land of Canaan ; also, the Modem 
Route from Alexandria to Suez. Fine Steel Engraving, 2 feet 6 inches by 1 foot. 
On plate papcfr, mounted, price 2s. 6d, 

View of London and Panorama of the Bdver Thames^ with a Eey. 

On tinted paper, with roller and gilt cloth wrapper, coloured, price ds. 

Just Published. 

Hap of London and Suburbs^ showing the Existing and Pro- 
posed Railways in 1853. By W. R. Botham* In cloth case, 6d.i mounted in 
Linen, in cloth case, silver lettered. Is, 



MISCELLANEOUS. 



The Great Exhibition. A graphic View of the Interior of the 

Crystal Palace. 3 feet 6 J inches by 2 feet 6 inches. Beautifiilly coloured, price 5s. 

The Lily and the Bose. A sup^b Line Engravings 2 feet 4 inches 

by 1 foot 8 inches. From a Painting by Kenny Meadows. Engraved by H. 
Robinson. India Proofs before letters, lOs, 6d. ; Prints, Ss. 

Superb Steel Engraving. 

Field-Marshal the Duke of Wellington on his celebrated Charger, 

Copenhagen, in the costume he wore at Waterloo, June 18, 1815. Painted by Sir 
Thomas Lawrence. Engraved by W. Bromley, A.G.R.A. Length 3 feet 5 
inches by 2 feet 4 inches. A few Proofs before letters, 1/. Is.; Prints 5s. 

The Orand Panorama of the Interior of the Oreat EzhibitioiL 

Forty-six feet in length. The Drawings were taken by eminent Artists, from One 
Hundred and Fifty Photographic Pictures by Beard and Claudet. This Pano- 
rama, the largest ever published, is by far the most interesting and faithful record 
of this stupendous National Undertaking. Mounted on cloth, tinted, 7s. 6d. ; 
coloured, lOs. 6d. 

The Domestic Jonmal and Home Miscellany of Instruction and 

Amusement. Illustrated with Three Hundred Engravings, complete in One 
Volume (384 pages), 4to, neatly bound in cloth, 4s. 6d. 

JACOB ABBOTT'S HISTORIES. 

The Histories will be divided into an Ancient and an English Series, each to be 
completed in Twelve Volumes, foolscap 8vo, printed in a handsome type. Every 
Volume will be Illustrated with Six Page Engravings ; and the price — 

Is. Qd.per Volume^ cloth gilt; or infancy hoards^ Is, 

The Ancient Series consists of the following Lives : 



PYRRHUS, 
CYRUS, 
DARIUS, 
XERXES, 



ROMULUS, 
HANNIBAL, 
ALEXANDER, 
JULIUS C^SAR, 



The English Series will comprise : 



ALFRED, 

WILLIAM THE Conqueror, 
RICHARD L, 
RICHARD II., 



RtCHARD III., 

JOHN, 

MARY, QUEEN OP SCOTS, 

ELIZABETH, 



CLEOPATRA, 
ZENOBIA, 
NERO, 
CONSTANTINE. 



CHARLES I.. 
CHARLES II., 
WILLIAM AND MARY, 
ANNE. 



HANDSOME SEBIES OF CHILDREN'S BOOKS, 

ONE SHILLING EACH. 

dFIolneri^ from t|)e 6atlftn of finoiuletrsf. 

VOLUME I. 

Prince Arthur's Alpliabet Book. Pictures and Verses for Young 

Children, illustrative of the Alphabet Letters. Small 4to, handsomely bound in a 
chromo-lithographic cover, boards, price \s. 

VOLUME II. 

The Days, Months, and Seasons of the Year, elegantly hound in 

illuminated boards, Is. 

VOLUME m. 

The Child's Book of Objects, with 400 Cuts of Birds, Beasts, 

Fishes, Indoor and Outdoor Objects, &c. &c \s. 

*0* This handsome Series of Juvenile Books will be further extended. 



THE UNIVERSAL LIBBABT 

OF THE BEST WORKS OF THE BEST AUTHORS OP ALL NATIONS, IN 

ALL DEPARTMENTS OF LITERATURE. 

Beautifully and uniformly printed in Royal Octavo, with two or more first-class 
Illustrations to each Number^ and a handsome cover. 



THE FOLLOWING WORKS HAVE ALREADY APPEARED:— 



Second Edition, 

I. Scott's Lady of the Lake, and Lay 

of the Last Minstrel. U, 

II. Izaak Walton's Lives of Donne, 

Wotton, Herbert, Hooker, and Sanderson. 1«. 

III. Anson's Voyage roand the World. 

IV. Goldsmith's Vicar of Wakefield^ 

and Saintine*8 Picciola. 1«. 

T. Alison's Essays on Taste. 1«. 

Yi. Sterne's Tristram Shandy. (168 

pages.) U. 6d. 

Yii. Fables of La Fontaine. Trans- 
lated fi-om the French by E. W&ight. 1«. 

VIII. Sedgwick's Home, Paul and Vir- 
ginia, the Indian Cottage, and the Exiles of Si- 
beria. With Three Engravings. (120 pages.) 1«. 

IX. Uncle Tom's Cabin. New edition ; 

with Portrait and Memoir of Mrs. Harriet 
Bkechbr Stowr ; a Digest of the Slave Laws of 
the Southern States of America ; and Statistics of 
American Slavery since the Declaration of Inde- 
pendence. (180 pages.) 1«. 6d. 

X. Koempfer's Account of Japan. Is. 

XI. Translations of Goethe's Faust, 

and the Tragedies of Schiller. With Four En- 
gravings. (170 pages.) 1«. 6d. 

XII. Stephens' Travels in Egypt, 

Arabia, and the Holy Land. 1«. 

XIII. Emerson's Essays and Orations. 

i«. 

XIV. Milton's complete Poetical Works. 

XV. Bremer's Mora, H. Family, Bond- 
maid, Axel and Anna. With Six Engravings. 
1«. 6d. 

XVI. Stephens' Travels in Turkey, 

Greece, Russia, and Poland. With Frontispiece 
and Vignette. 1«. 

XVII. Goldsmith's Citizen of the 

World. With Frontispiece and Vignette. 1«. 



XVIII. Michelet's Life of Martin Lii- 

ther. With Engravings and Vignette. 1«. 

XIX. Memoirs of the Life of Colonel 

Hutchinson. By Lucv Hutchiksok. With 
Frontispiece and Vignette. 1«. 

XX. The Life of Charles XII. King of 

Sweden, by Voltairx; and the Life of Lord 
Herbert of Cherbury. With Frontispiece and 
Vignette. 1«. 

XXI. Essays, Civil and Moral, by 

Francis Bacon ; and Locxx on the Reasonable- 
ness of Christianity. With Four Illustratious. 

XXII. The Neighbours, and Minor 

Tales. By Frederika Bremer. With Fron- 
tispiece and Vignette by C. Kxanx. ]«. 6d. 

XXIII. Bitson's Bobin Hood, with Title 

and Frontispiece. 1«. 

XXIV. The Mutiny of the Bounty. 

With Frontispiece and Vignette by E. Duncan. 
1«. 

XXV. The Canterbury Tales of Geoffrey 

Chaucer. Edited, with a Glossary, &c., by 
Thomas Wright, Esq., M.A., F.S.A., &c. 
Double Part (230 pages), with Frontispiece and 
Vignette. U. 

XXV r. Goldsmith's Essays. With 

Frontispiece md Vignette. 1«. 

XXVII. The Poetical Works of Bobert 

Bums. With Frontispiece and Vignette. 1«. 

XXVIII. Goldsmith's Plays and 

Poems. Illustrated with Frontispiece and Vig- 
nette. Is. 

XXIX. The Life of Peter Wilkins, a 

Comishman. By a Passenger in the " Hector." 
With Frontispiece and Vignette. Is. 

XXX. Crabbe's Tales. With Frontis- 
piece and Vignette. 1«. 

XXXI. Crabbe*s Borough and Collins' 

and Gray's Poems. Frontispiece and Vignette. U. 

XXXII. Knickerbocker's History of 

New York. With Frontispiece and Vignette. 1«. 

Poetry. — Volume L, containing Scott*8 Lay of the Last Minstrel, Lady of the 

Lake ; La Fontaine's Fables ; Gk)ethe's Faust ; Schiller's Piccolomini, and WaUensteio's Death ; 
Milton's Poetical Works. Royal 8v6, handsomely bound in cloth gilt, 6s. 

Poetry. — Volume IL, containiner Bitson's Bobin Hood ; Chaucer's Canterbury 

Tales; Burns' Poems; Goldsmith's Plays and Poems. Royal 8vo, cloth, gilt, 6s. 

Fiction. — Volume L, containing Goldsmith's Vicar of Wakefield ; Saintine's 

Picciola; Sedgwick's Home, Paul and Virginia, the Indian Cottage, and the Exiles of Siberia; Uncle 
Tom's Cabin ; Bremer's Mora, H. Family, Bondmaid, Axel and Anna. Clo th gilt, 6«. 

Voyages and Travels. — ^Volume I., containing Anson*s Voyage round the World ; 

Stephens' Travels in Egypt, Arabia, and the Holy Xand; Stephens' Travels in Turkey, Greece, 
Russia, and Poland ; Kcempfer*8 Account of Japan ; Bligh's Voyage in the Bounty to the South 
Seas. With Twelve Illustrations by Gilbert, Duncan, and others. Royal Svo, cloth (600 pages), 6s. 

Miscellaneous. — Volume L, containing Sterne's Tristram Shandy ; Goldsmith's 

Citizen; Life of Peter Wilkins ; and Knickerbocker's New York. Royal Svo, cloth gilt, 6«. 

*•* Cloth Cases for VoIameSi 1«. each. 



